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STRUCTURE OF GRAND SALINE SALT DOME, 
VAN ZANDT COUNTY, TEXAS! 
ROBERT BALK? 
Chicago, Illinois 


ABSTRACT 


A part of the Grand Saline, Texas, salt dome is exposed in the Morton Salt Company’s Kleer 
Mine. The megascopic structural features of the salt were mapped on all available surfaces, and ori- 
ented specimens were examined microscopically. Layers of salt are visible in all tunnels. Near the 
southeastern border of the dome, they dip steeply southeast and south, assumably parallel with the 
dome border. Elsewhere, the layers form intricate systems of folds. The axes of all folds plunge nearly 
vertically, and the limbs are also in steep planes. 

The microscopic features of the salt resemble closely those described by Taylor in other salt domes. 

Anhydrite and halite display a linear alignment. Single crystals of anhydrite, elongate parallel with 
the crystallographic axis }, tend to orient this direction parallel with the nearest axes of folds, that is, 
nearly perpendicularly. Aggregates of anhydrite, also, are slender lenses and streaks in nearly vertical 
attitudes. Halite grains show elongation in the same direction, though less noticeably. 

The absence of any fractures, faults, cross-cutting salt layers, foreign inclusions, and brine indi- 
cate an undisturbed evolution of the deformation structure in a nearly homogeneous, layered salt 
mass, which resembles closely that produced experimentally by Escher and Kuenen. The move- 
ments are analyzed that can give rise to folds with vertical axes and lineation, and the critical 
physical properties of halite are reviewed. 


INTRODUCTION 


The interior of a few salt domes in the Texas-Louisiana Coastal Plain is 
accessible in salt mines. Although the borders, roof zones, and dimensions of 
North American salt domes have been investigated in the past, detailed studies 


1 Manuscript received, April 16, 1949. 

* University of Chicago. The investigation was the result of informal discussions that led to the 
formulation of a project by the research committee of the American Association of Petroleum Geolo- 
gists. For continued interest, the writer is under obligation to Shepard W. Lowman, who was chair- 
man of that committee. Valuable advice and information were received from Marcus A. Hanna, M. 
King Hubbert, Paul Weaver, and Roy T. Hazzard. For information on mining data, and many 
courtesies at the mine, thanks are due James E. Hanes, manager of the Morton Salt Company’s 
Grand Saline plant; J. Y. Bell, mine superintendent at the Kleer Mine; and Earl P. Friedline, assistant 
plant manager. Travelling expenses were defrayed by the University of Chicago. Critical comments 
and improvements of the manuscript were offered by Marcus A. Hanna and L. L. Nettleton. 
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of the salt structure in the cores of domes are as yet lacking. The present paper 
presents the results of such a study. 


LOCATION AND GENERAL FEATURES OF DOME 


The Grand Saline salt dome stands about 60 miles east of Dallas, in Van 
Zandt County, northeastern Texas, about a mile south of the town of Grand 
Saline. U. S. Highway No. 80 and the Texas and Pacific Railroad pass through 
the town. 

Early stages of exploration and salt operation on the dome have been described 
by Kennedy (48), Cheney (17), and Powers and Hopkins (68, 69). Salt was origi- 
nally obtained from shallow wells, but in 1929, the Morton Salt Company de- 
cided to open a mine. Under exceptionally difficult conditions, a shaft was sunk 
(85, 86) to a depth of 750 feet, in the southeastern part of the dome, and produc- 
tion from the mine, called the Kleer Mine, began in January, 1931. An account 
of the dome to 1934 was given by Hanna (36), and recently magnetic and gravity 
investigations were made in the mine (66). 

The flat-topped dome underlies an approximately circular, shallow depression, 
1} miles across, and partly covered by a salt marsh (Fig. 1). More than 20 wells 
have reached the top of the salt at depths between 212 and 342 feet. Test wells 
near the southeastern border of the dome struck salt at 615, 653, and 668 feet, 
but these greater depths are probably due to downward curvature of the salt 
surface near the border. Cap rock above the salt averages about 25 feet in thick- 
ness, though a minimum of 4 feet, and a maximum of 71 feet are on record. 

The dome is surrounded by the Eocene Wilcox formation. Layers of friable 
sandstone and shale, sloping away from the dome at low angles, are seen in several 
exposures (Fig. 1). Residue from these overlying rocks, largely yellow sand, with 
Gryphaea and silicified wood can be seen at a dump near the Kleer Mine shaft. 
It is believed that the entire section from the surface down to the cap rock, is 
composed of this residue, but actual exposures are lacking. 

The slope angle of the dome can be estimated on the west and southeast side. 
On the west, a deep well (Hallville Oil and Gas Company’s Lindsey No. 2), 
3 mile west of the dome (Fig. 1), failed to reach salt at the depth of 3,842 feet. 
If a cross section is drawn through this well, a slope angle of the western dome 
border of at least 60° is obtained (Fig. 1, section AB). The slope angle on the 
southeast side can be estimated from mine data with a fair degree of accuracy as 
close to 65°. No other figures are available for other wells are either too shallow, 
or too far from the dome border to permit close approximation. 

Salt is produced from one level only, 700 feet below the surface (359 feet 
below sea-level). Rooms with approximate dimensions of 60 feet (width) by 85 
feet (height), are driven from the shaft toward the north, south, east, and west 
for several hundred feet. Crosscuts and tunnels of smaller cross section connect 
adjacent rooms, and during the early years of operation, several air courses were 
driven between rooms, affording insight into the salt structure in some of the 
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support pillars. About 20 feet below the floors of most rooms are narrow tunnels 
along the axes of the rooms. Figure 1 shows by shading the part of the dome 
accessible through mine workings, and Plate 1 has been drawn from mine plans. 
The approximate distances are: 700 feet north of the shaft; about 500 feet east- 
ward; nearly 1,100 feet south; and goo feet, or more, west. This is a very small part 
of the dome, and as nearly half of the salt is left as support pillars, the structure 
of even this small area is only known in part. Nevertheless, the exposed surfaces 
of the salt yield significant information on several problems. 


GENERAL FEATURES OF SALT 


Blocks of run-of-the-mill are white to light gray in color and are aggregates 
of halite crystals, with a little anhydrite. Although most of the anhydrite grains 
are clear and colorless, their presence darkens the salt, due to absorption of light. 
Salt with probably not more than 15 per cent of anhydrite appears nearly black 
in reflected light. Clean surfaces show abundant cleavages of halite grains, 2-12 
millimeters across, though diameters as large as 25 millimeters (1 inch) are found. 
The most common sizes in this dome are 5~10 millimeters ({—} inch). Judging from 
preliminary study of salt specimens from flat salt beds in Kansas, New York, 
and Michigan, and comparison with salt samples from other salt domes, the 
writer suspects that halite aggregates from domes are generally finer-grained than 
those of flat, undeformed beds. 

Cleavage surfaces of halite reveal commonly a mosaic, in which contiguous, 
small areas are inclined at a few degrees to each other. Smoothly curved cleavages 
were also seen. Here and there, a single halite crystal, much larger than the 
average, is found, These crystals are saved. Flawless ones are valuable for optical 
purposes, and bent ones are given away to visitors as souvenirs. In this mine, 
few flawless large crystals have been recovered, in contrast to some of the 
Louisiana mines. The largest crystal found during the study of the mine walls 
measured 6 by 1.5 inches; two others measured 4 by 5, and 3 by 3.5 inches, 
respectively. 

We are indebted to R. C. Vail, general plant manager of the Morton Salt 
Company, for two recent analyses of Grand Saline salt. 


sans 0.010 0.010 
Calcium sulphate, 0.690 0.571 
Calcrum' sulphate; soluble... es 0.400 0.470 

Sodium Chiorige (By GUE) 98.883 98.926 


Microscopic features.—Twenty-five thin sections were prepared from selected 
specimens, and for purposes of comparison, three thin sections were examined 
from the Carey salt mine at Hutchinson, Kansas, which operates a flat Permian 
salt bed (67, p. 90). Most of the observations by Taylor (87) on the microscopic 


3 Letter to the writer, dated May 28, 1949. 
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features of Gulf Coast salt were confirmed, and the description is therefore brief. 

The salt aggregate is composed of clear, colorless halite grains, entirely free 
from strain birefringence. A few anhydrite grains are seen in every thin section, 
and where anhydrite is more abundant, both halite and anhydrite are smaller- 
grained. Cubical, rectangular, or more irregular ‘‘negative crystals” appear in 
many halite grains. Some contain a bubble, others do not, and may be filled either 
with brine, or gas. Most of these hollows are minute, about 0.01 millimeter or less 
in diameter, though tubular blebs may reach a length of 0.1 millimeter. Most 
of these minute interpositions are concentrated on straight, or slightly curved 
planes. In several places, these planes coincide with, or lie close to, the dodecahe- 
dron planes of the enclosing halite crystal (Figs. 2, 3), though they may also be 
found along cleavage planes, and even without apparent relationship to crystal- 
lographically prominent planes of the host mineral. A careful investigation of 
the exact orientation of these surfaces with regard to the host mineral, and their 
distribution in the salt dome, may be interesting and rewarding, and the results 
may advance our knowledge of the deformation mechanism of the salt. The 
fact that some of the planes coincide with the dodecahedron planes of halite, 
which constitute the principal planes of translation under stress, suggests that 
the distribution of gas, brine, or both, has been influenced to some extent by slip 
of halite crystals. 

Anhydrite forms euhedral and subhedral grains, for the most part free from 
foreign inclusions. An average grain size is about o.1 millimeter. Grains of 0.2 
millimeter are noted as somewhat oversize. Taylor’s observation (87, p. 37) 
that anhydrite grains are smaller in impure salt, was confirmed at Grand Saline. 
It should be emphasized, however, that randomly oriented sections can give a 
false impression, as explained later. 

A fair proportion of anhydrite grains are elongate parallel with the crystal- 
lographic axis, b. This was checked in every thin section. The crystals are termi- 
nated by the three pinacoids, and inspection with the universal stage shows that 
they are commonly grooved, and that the crystals taper toward the ends by 
several steps, which are alternations of the pinacoids. Cleavage is commonly 
parallel with the three pinacoids, but cracks parallel with the basal pinacoid, 
(oor), are more perfect than those parallel with the other two. The crystals ap- 
pear to be fresh. Alteration to gypsum was noted in one place only, and in other 
sections, also, gypsum was much rarer than the chemical analyses of the salt 
suggest. 

Two individuals of a carbonate, probably dolomite, were seen, and apart 
from dark dust inclusions in both anhydrite and halite, no other minerals were 
noted. 

STRUCTURE OF SALT 
LAYERING 


The salt of the Grand Saline dome, in common with other Gulf Coast domes, 
exhibits a layered structure. As one walks along any room, he sees on all vertical 
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Fic. 1.—Sketch map and cross section of Grand Saline salt dome, Texas. Surface data 


from Powers and Hopkins (U.S. Geological Survey). 
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Fic. 4.—Looking westward at location J 9, Kleer Mine. Room is nearly too feet high, 60 feet 
wide, and more than 7co feet long. In ceiling, foreground, several exceptionally dark layers. Apices 
of folds with diverging limbs in middle and far distance. Between them, relatively massive, pure salt. 
Note nearly vertical dip of layers on vertical walls. 
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Fic. 6.—Isoclinal salt folds 
with shear folds. Ceiling, at lo- 
cation L 4, Kleer Mine. View 
southward at tilt angle of about 
70°. Ceiling is 90-140 feet from 
camera. Note absence of shear 
folds in distant folds. Part of 
vertical west wall shows in 
lower right-hand corner. 


i [ in api i Kleer Mine. Ceiling 

Fic. 7.—Sixty-two shear folds in apical zone of salt fold, at location J 10, j ing, 

about 12 feet aa camera. More than 100 shear folds were counted in entire apex of this fold. Note 
absence of shear folds in dark anhydrite layer at top border. 
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Fic. 8.—Shear folds deforming apical 
part of anhydrite layer, at location J 10, 
5 Kleer Mine. Ceiling of adit tunnel. 


Fic. 9.—Anhydrite pencils in nearly vertical position, west wall 
of tunnel, location J 9, Kleer Mine. Streaks are rendered conspicuous 
by salt efflorescences. Thick, nearly horizontal white bands are salt 
dust masses along drill holes. Horizontal bar of ruler is 1 foot. 


Fic. 11.—Detail 
view of Figure 10, show- 
several dark, ellipsoidal 
halite crystals, enclosed 
by anhydrite streaks, 
and elongate parallel 
with them. 


inches 


Fic. 10.—Lineation of anhydrite, plunging 72° SE., on east wall of conveyor-belt tunnel, location 
J 9. Dark anhydrite layer shows in ceiling, striking nearly parallel with wall. Its intersection with 
tunnel wall is broken into numerous parallel, steeply plunging anhydrite streaks. Here and there 
spherical or ellipsoidal halite crystals are intermixed with streaks. Compare Figure 11. 


i up 


Fics. 12 and 13.—Photomicrograph of two vertical anhydrite layers, near location M 8, as seen on horizontal surfaces. Strike 
of layer is from front to back. Cross sections of prisms are small. Diameter of each picture, 1.8 millimeters. 


Fics. 14 and 15.—Photomicrographs of anhydrite layers as seen on vertical surfaces, across strike of layers. Prisms show 
upward elongation, parallel with strike of beds. White areas between anhydrite crystals are halite. Each picture is 2.51.9 
millimeters. Fig. 14 at loc. M 8, Fig. 15 at loc. K 3. 
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walls a monotonous succession of white and gray stripes in nearly vertical atti- 
tude. In several sections of the mine (PI. 1, locations P 12, M 11-13, L 10, GF 11), 
hundreds of layers, an inch to several feet thick, form larger groups. Elsewhere 
individual layers are fewer but considerably thicker, and there are many zones 
in which layers are difficult to see, and for distances of scores of feet no color 
variations are noticeable. There is no obvious relation between thickness and 
darkness of salt layers, although in the Kleer Mine the few very dark layers 
(Pl. 1, KJ 7-8, J 2; Fig. 4) are less than 5 inches thick. 

Boundaries of layers, sharp from the distance, are gradational in specimens 
and thin sections. Thin salt layers, exposed over sufficiently large surfaces, reveal 
lenticular forms so that a layer may fade out at a certain height, may continue 
some distance above or below, or other layers, not visibly connected with 
it, may occupy closely adjoining positions. The smallest bodies of dark salt are 
lenticular or irregularly shaped spots and patches in white salt, and where few 
single anhydrite crystals are uniformly disseminated through halite aggregates, 
the salt appears compact. Colors other than white and gray were not seen in the 
dome, although the salt in a few thin sections displays yellow stains along halite 
cleavages. 

FOLDS 


General fealures.—In contrast to the monotonous sequence of parallel layers 
of salt on vertical walls, the ceilings of rooms and tunnels exhibit an impressive 
array of folds. Few structural features express the remarkable evolution of a 
salt dome through deformation as tellingly as the wonderful sweep and beauty 
of single beds, or swarms of salt layers, trending in broad, smooth curves across 
the spacious ceilings of large, electrically lighted rooms, forming here a large 
isoclinal fold, there grouped in numerous smaller flexures that reconcile diverging 
trends of larger folds. Zones of nearly pure salt with few folds may abruptly be 
followed by much darker layers with innumerable folds of all sizes and degrees 
of compression, to be relieved by seemingly straight layers, in which only a 
powerful floodlight will detect the last remnants of tightly appressed folds. 
Though peculiar in many respects, the arrangement of salt folds resembles the 
kinds of flowage folds encountered in many metamorphosed limestones (3; 5, 
PP: 717-23; 13, pp- 142-54; 28, pp. 55-68; 55; 63; 64). 

Distribution, dimensions, orientation——The southernmost rooms of the mine 
(A-C 2-7, Pl. 1) are within a few hundred feet of the southeastern border of 
the dome. It is probably significant that only in this section of the mine are folds 
almost lacking. The salt here displays straight layers, striking east and west 
and dipping about 65° southward. In the easternmost of these rooms, the strike 
veers northeast, but outward dip of 65°—70° is maintained. It is most probable 
that this angle is parallel with the slope of the southeastern dome border, and 
it has been so drawn on cross section BC of Figure 1. 

Apart from these southernmost exposures, the salt in all rooms displays 
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folds, the mapping of which was the chief purpose of this study; Plate 1 embodies 
the principal results. 

Salt folds vary greatly in size. Some are small, insignificant features, involving 
only a few, or one single layer. Wave lengths of small contortions are a few inches 
at most, but where larger groups of layers are involved, wave lengths may in- 
crease to more than 100 feet. There are gently curved, open folds as well as 
tightly compressed, isoclinal folds. The innumerable folds which vary the orienta- 
tion of their limbs in a bewildering manner, have one element in common: all 
their axes are parallel, in nearly vertical attitudes. Thus, the fold structure of 
the salt dome belongs to the relatively rare types of crustal deformation where a 
vertical element overshadows all other directions of strain. If there were axes 
that plunge more gently, say, at less than 70°, they would surely have been 
noticed by the appropriate pattern of diverging and converging limbs on the ver- 
tical walls. Not a single cross section of a fold was observed on vertical surfaces. 
Even those rare instances where adjoining layers do converge slightly, because 
of oblique intersection of room wall and fold axis, are difficult to detect for the 
angle of divergence is so small that one must suspect that slight variations in 
thickness of layers may cause the pattern. 

Axial planes of most folds are straight, but those of larger folds may curve. 
Adjacent folds may or may not display parallel orientation of axial planes. The 
longest fold extends from near the northern termination of the rooms (Q 7, 
Pl. 1) in a south-southeasterly, southerly, and southwesterly direction until, 
about 700 feet from its start, it is lost, near K 5, in a cluster of isoclinal folds. 
The arcuate axial plane is, in plan, convex toward the east, and this orientation 
and shape may very well have been brought about and controlled by the proba- 
bly similar curvature of the eastern border of the dome. 

The true length of many folds is difficult to ascertain for support pillars in- 
terfere with exposures in individual rooms, and the directions of few folds happen 
to coincide with those of larger rooms. There are apparently no key beds in this 
mine that could be followed continuously across all the rooms. This is shown by 
the very dark layer at J 8 (Fig. 4). It can be followed northwestward across 
one room, to L7; but at K 6, where it should reappear on the west side of a sup- 
port wall, it can not be identified. Likewise, its southeastern continuation can not 
be followed beyond J 9. Although a tunnel crosses the salt only 50 feet south, it 
was impossible to identify the layer in its ceiling. Similarly, a thick dark layer, 
at J 2, was followed northeastward about 200 feet, to K 4, but because of several 
interfering folds at that location it is uncertain whether the dark layer that tra- 
verses the next room east (K 4-5), is identical with it. In any case, this latter 
dark layer can not be recognized in the next room east. 

Closure.—At five places (D 2, DE 4, F 1-2, G 14, O 11), closure of salt layers 
was seen. Possibly there is also closure at H 2 and F 3. One, two, rarely more 
than four recognizable separate layers participate in closed ellipses in the ceilings 
which, as seen in Plate 1, are all small. As the mine operates one level only, 
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nothing is known about the steepness of the flanks of these folds although, in 
view of the dip angles of adjacent layers, they must be very steep; indeed, each 
of these elliptical cross sections may well represent a nearly pipe-like body with 
subvertical axis, only a few feet in diameter, but hundreds, perhaps even thou- 
sands of feet long. The ellipses at DE 4 and O 11 are moderately compressed, G 14 
is much compressed northwest and southeast, and the elliptical closure at D 2 
has been bent on the flank of a larger fold, so that its axis trends northeast and 
southwest in the south part, and west-northwest and east-southeast in the north- 
west half. The anhydrite layers that belong to it show intricate small-scale shear 
folds with slightly diverging axial planes. 

A peculiar, isolated dark layer in the form of a semicircle, is exposed in the 
ceiling of a room at H 2. Its north half is concealed so that it remains unknown 
whether this is a closed fold, or the south crest of a larger, open fold. The dark 
layer displays several irregular twists and small-scale contortions, and pinches 
and swells in a few places. 


SHEAR FOLDS 


Apart from the larger folds, shown on Plate 1, there are literally thousands of 
smaller folds, superposed on the limbs of the larger folds. In a series of straight 
beds, shear folds may appear on a single layer only, either along its entire course, 
as far as it can be examined, or over a short distance only. Contortions of this 
type may involve a larger group of adjacent layers. The limbs of the shear folds 
may be isoclinal, or may diverge in directions, causing rows of zigzags, or chev- 
rons. Impressive are tightly appressed folds of this kind along the axial plane of 
a group of beds at location, L 5 (Figs. 5, 6). Salt layers whose cross sections 
approach the axial plane zone as smooth curves are abruptly thrown into scores 
of isoclinal contortions. The limbs of some of these are so thin that it may be 
impossible to follow individual beds through each back-and-forth curvature 
where they are exposed in high ceilings. Instead, one has the impression, at first, 
of a homogeneous thickening of each layer into a plate of dark salt that has a 
crescentic plan and a nearly vertical axis. Where many adjacent salt layers have 
undergone such shear folding, the structure of the salt becomes most difficult 
to unravel. Such a zone is at L g-10. Remarkable is the abruptness with which 
myriads of shear folds may disappear, to be followed by straight, uncontorted 
layers. 

The axial planes of these small shear folds are without exception parallel 
with the axial planes of the folds on which they are found. Followed through the 
mine, their directions vary over short distances, and nowhere have shearing 
movements cut through the limbs of folds. Instead, even very thin anhydrite 
layers can be traced continuously through dozens of shear folds without showing 
rupture anywhere (Figs. 7, 8). 

It seems, therefore, that the shear folds developed in response to the same 
stresses that governed the directions of compression of the larger folds. Not 
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only do the axial planes in both groups of folds follow the same direction, but 
the displacements along the small shear folds are almost everywhere such that 
the layers were lengthened toward the apices of folds, and relatively narrowed 
at right angles to this direction. Thus, the considerable thickening of salt layers 
near the apices of folds may have been caused by a homogéneous movement of 
all constituent particles, or may have been accomplished, in part, by slip along 
innumerable parallel planes. The halite-anhydrite aggregate seems to have 
moved as so ductile a mass, however, that actual ruptures of anhydrite layers 
were avoided. 

Small-scale isoclinal folds, apparently identical with those here described, 
are known from German salt upthrusts (37, 38, 81). Hartwig calls them “salt 
seismograms’ (38, p. 197), and apparently believes that they originated through 
seismic tremors. The writer is unable to understand how tremors should be able 
to produce in a salt mass thousands of microflexures, oriented parallel with the 
axial planes of local folds, and nowhere actually rupturing the salt. 


LINEATION 


A linear alignment of minerals is commonly observed in strongly deformed 
rocks. It is particularly well developed if lengthening in one direction was appre- 
ciably greater than deformation in others. Prismatic particles, embedded in 
softer material, will then be exposed to rotational moments that rotate their 
axes into the direction of lengthening. The same mechanism is believed to operate 
where plastics, composed of large organic chain molecules, are stretched (2). The 
stretching causes an alignment of the chains in the direction of stretching, with 
attendant change in the mechanical properties of the plastic. The importance 
of lineation for the interpretation of rock deformation has recently been dis- 
cussed by Ernst Cloos (20), who has reviewed the literature on the subject up to 
1945. The salt of the Grand Saline dome exhibits a linear alignment of its con- 
stituent minerals at so many places in the mine that the belief seems justified 
that the entire salt body possesses this structure. Depending on whether anhy- 
drite or halite is the dominant mineral on any surface, the appearance of the struc- 
ture varies somewhat. 

Lineation of anhydrite-—A linear arrangement of anhydrite aggregates was 
first seen by the writer in August, 1946, at the mine of the Carey Salt Company 
in the Winnfield salt dome, Louisiana. Through the break of a water pipe on a 
holiday, the mine had been partly flooded, and the rising water etched out as 
much as a foot of salt on all room and tunnel walls, to a height of about 3 feet. 
On the smooth, corroded salt walls innumerable pencil- or cigar-shaped masses 
of anhydrite stood out, pointing nearly straight up. In conversation with M. C. 
Mann, chemist of the company, the writer learned that this type of anhydrite 
aggregates was well known to him, and was called “pencil anhydrite.” Taylor 
(87, p. 28) is also familiar with it. 

The salt at Grand Saline displays the same linear alignment of anhydrite 
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crystals, and as at Winnfield the direction of lengthening nowhere deviates 
more than about 20° from verticality (Figs. 9-11, Pl. 1). Although the borders 
of anhydrite pencils are not sharp, the streaks can be viewed if salt blocks con- 
taining them are dissolved in water. For a while, the streaks will stand out in 
relief, and if care is taken that they come to rest on a soft support, parts of the 
streaks can be preserved. Linear tracts of anhydrite are a few millimeters in 
diameter, and 2, 3, or more inches long. Outcrops of particularly anhydrite-rich 
layers are commonly composed of, and accompanied by, large swarms of these 
streaks, all pointing in the same direction (Fig. 10). Cross sections, obtainable 
where salt has been freshly blasted, or recesses and drill holes afford horizontal 
surfaces, are elliptical, with the major axis parallel with the strike of the anhy- 
drite layer. On the walls of old tunnels, anhydrite streaks are fairly easy to see 
as they become coated with salt efflorescences and dust (Fig. 9), yet they are seen 
more easily than measured. As the intersection of any anhydrite layer and verti- 
cal mine surface produces a nearly vertical line, these intersections of planes 
can be mistaken for streaks. It is necessary, therefore, to examine such places 
where anhydrite layers strike as nearly parallel with the mine wall as possible or, 
where this is impossible, to examine with care the small-scale irregularities in 
the mine walls, so that only those small surfaces are used where, for a few square 
feet or even square inches, the two planar elements are nearly parallel. It may 
also be possible to ascertain the linear shape of the aggregates near corners in 
the mine, by examining the width of outcrop and vertical length of anhydrite 
aggregates on the two opposite surfaces; and finally, one can infer the shape in 
such salt masses that lack layers, yet exhibit anhydrite streaks in upright posi- 
tion on surfaces of different orientations. 

Under the microscope, anhydrite pencils are seen to be composed of rows of 
relatively small crystals, in which perhaps 5-10 per cent lie with their longest 
dimension parallel with the axis of the pencil. The longer and slenderer a grain 
is, the more closely is it aligned. As the grains are elongated parallel with the 
crystallographic axis, 6, the dimensional order of the crystals entails a corre- 
sponding alignment of this crystallographic axis but, in the material examined, 
no systematic orientation of the crystallographic axes, a and c, was noted. Figures 
12-21 illustrate the grain orientation. Insofar as the crystallographic axis, }, 
is parallel with the axes of salt folds, this agrees with the orientation described 
by Lamcke (51) and Andreatta (1), and summarized by Fairbairn (32, p. 19). 
Small grains, which are squares in cross sections, orient a diagonal diameter 
parallel with the lineation direction. For this reason, the diagrams of b-axes of 
anhydrite grains (Figs. 18-20) do not show sharp maxima in the direction of the 
lineation, but considerable scattering, and if a model be made of the orientation 
of the 5-axes, it would be a double cone, having the lineation direction as its 
axis, and sides that slope nearly 45°. Essentially the same orientation of anhy- 
drite in German salt is given by J. Leonhardt (52, pp. ror, 102). 

Lineation of halite——Lineation of halite grains is more difficult to see than 
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that of anhydrite, but if clean vertical walls are inspected with a strong flash- 
light, the surfaces of reflecting halite cleavages show rectangular or elliptical 
shapes. With some experience, the direction of elongation can be seen where as 
few as 2-5 per cent of the halite crystals exhibit unequal diameters. It was first 
thought that the phenomenon was caused by accidental fractures developed dur- 
ing the blasting, but as more and more observations were gathered, it became ob- 
vious that halite grains are commonly of distorted shape, and that the longest 
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Fic. 21.—Alignment diagram of elongate anhydrite grains in thin sections from locations J 9 
(left, 203 grains), and M 8 (right, 100 grains). Left section cut at right angles to megascopic layering, 
right section parallel with layering. Arrow, at top of diagram, points up in mine. Number of grains 
plotted as lengths of radii; scale of 2 per cent lengths is ticked on radius on right diagram. Figures in 
diagram, e.g., ‘‘20%’’ mean that 20 per cent of measured grains of that section deviate 9° from 
verticality. This type of diagram reliably records angular deviation of grain elongation from vertical- 
ity in one plane, but does not give tilt of crystallographic axis out of plane of thin section. This is ob- 
tained by slower method of determination with universal stage (Figs. 18-20). 


dimensions of these grains, like the anhydrite prisms, point in nearly vertical 
directions. 

As halite crystals are isotropic, and too large for ordinary thin-section work, 
it is necessary to measure them on large, clean surfaces, as well as in oriented 
blocks. Figure 22 gives measurements of 700 crystals, obtained from various 
locations in the mine. Vertical surfaces were flashed from various sides in order 
to locate as many grains as possible. The two principal diameters of each grain 
were measured, and the measured grain received a black dot lest it be measured 
again. Oriented blocks were measured in the same way. The figures have qualita- 
tive value only for the direction of lengthening of very small grains could not 
be measured. On the other hand, the small (7.1) percentage of grains elongate 
horizontally is probably significant. 
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That the inequidimensional cleavage surfaces are due to oriented distorted 
shapes of the crystals can be checked at places where the lineation direction devi- 
ates as much as possible from verticality. At such places, if edges of pillars and 
rooms are selected, and grains on both surfaces are compared, the diameters are 


| 
13 : Of - Ot 
Of 01 01 OT 0306 - OF - 
§ 10 O35 OF OF 07 10 06 100107090105 
9 Of 09 03 OF 04 01 04 0F OS OL - O10H - + + 
3 ratio? 
10 09 11 04 OF - - O1 
Of 13 17 31 21 03, 13°06 OF 
- OF 03 27 26 19.1307 H 09°06 OS O1 - Of.01 
| 1 o3 . . . . - 
length of crystal parallel to lineation (upward) in mm 
Ratio of elongation upward 
length/harizontal length 10 120 125 133 140 190 166 20 233 30 ; 
} 
Diagram of ratio > } } $ 
Percentage of crystals $0 26 2 35S 92 S2 23 %7 24 #2 


Fic. 22.—Chart to illustrate degree of upward elongation | of 700 distorted halite grains, from 
various locations in Kleer Mine. Key for upper diagram: ‘‘o.3” in lower left-hand corner means that 
0.3 per cent of 700 (=2) grains measured 2 millimeters up, and 1 millimeter horizontally. In lower 
diagram, data of upper diagram are combined as ratio figures, and cross sections illustrate corre- 
—— shapes of idealized grains. Bottom row of figures gives percentage of grains that belong to 
each ratio. 


longer on that surface that embraces a vertical plane passed through the lineation 
or is closest to that plane. 
Inspection of the structure map shows that nearly the entire salt mass is com- 
posed of visibly elongate aggregates of anhydrite and halite, in nearly perpendic- 
ular orientation, and that this direction is parallel with that of the axes of the 
folds. There is, perhaps, one exception to this: at O-R 5-8, the direction of length- 
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ening of halite crystals seems to plunge at lower angles (50°—65°) than the orien- 
tation of axes and limbs of near-by folds. The reason for the discrepancy is ob- 
scure. Subsequent studies in other salt domes may show whether such discrep- 
ancies are more common than the writer at present assumes. 


COMPACT SALT 


On Plate 1, a cross-hatch pattern shows the distribution of compact salt, in 
which layers are restricted to few, very light ‘“‘shadows,”’ lenses, patches, or may 
be altogether lacking. As nearly structureless salt is somewhat purer than ordi- 
nary layered salt, its distribution within the salt dome is of considerable com- 
mercial importance. If preliminary estimates are correct, compact salt is slightly 
coarser than layered salt, and it is perhaps significant that during our visit, all 
large single crystals were found in compact salt masses. The borders of compact 
salt masses are elusive; near-by anhydrite layers fade out gradually, or the con- 
tinuity of layers is replaced by rows of gray lenses, each with blurred, irregular 
outlines. 

A number of these masses appear in positions where the surrounding groups 
of layers make sharp bends (H 10, K 10, J ro-11), or where one group is con- 
fronted by others of contrasting strike (HI 4, I 6-8, J 12, G 6). Still others (DE 
4, O 11) fill the cores of closures, or have irregular plans though their lateral bor- 
ders seem to be smooth, nearly vertical zones of gradation. Lineation in compact 
salt is obscure, but was seen at a few places. 

Nowhere has a mass of structureless salt been seen that would cross, or cut 
off, adjacent layers, after the manner of a dike, or pipe. It would be interesting 
to know whether compact salt differs in moisture content from layered salt. J. Y. 
Bell informed the writer that run-of-the-mill salt contains less than 1 per cent 
moisture, but whether there is a difference among different kinds of salt could 
not be learned. To obtain uncontaminated blocks of salt, immediately after 
blasting, is most difficult, and the writer lacked facilities for such sampling. 


NEGATIVE FEATURES 


For the understanding of the development of this salt dome, the following 
negative features are significant. 1. Not a single fracture is exposed in the mine. 
2. Nowhere is salt displaced by a fault. 3. Salt layers are nowhere crossed by 
others, and there are no unconformable contacts between layers. Where groups 
of salt layers approach each other with contrasting strikes, a zone of compact 
salt intervenes. 4. No brine or gas is encountered, except as microscopic inter- 
positions in halite crystals. 5. No inclusions of foreign rocks have been found in 
this mine. 6. Although no systematic search has been made for minerals other 
than halite and anhydrite, it is believed that additional minerals, such as 
dolomite, or sulphides, are very rare. 

Compared with the widespread evidences of rupturing, faulting, and thrust- 
ing, or large-scale slipping as inferred from stratigraphic anomalies in European 
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salt upthrusts, the structure of this salt dome is characterized throughout by 
the uniformity and, in a way, simplicity of its deformational structures. An at- 
tempt to explain its structure, therefore, is essentially concerned with an inter- 
pretation of the folds with nearly vertical axes, and the linear alignment of the 
aggregate in the same direction, and it is necessary to inquire to what extent the 
visible large- and small-scale deformation can be explained by the known physi- 
cal properties of salt. 


INTERPRETATION OF OBSERVATIONS 


As only a small part of the dome interior is exposed, and the base of the dome 
has not been reached by a well, it is necessary to make certain assumptions in 
order to interpret the structure of the dome. An exhaustive digest of the large 
literature of Coastal Plain geology, as well as that of the physical properties of 
halite and other halogen salts, could not be included here as it was deemed 
desirable that the results of the Grand Saline study be published fairly promptly. 
As the writer expects to continue his studies, he hopes to add corrections in the 
future, and would in turn be grateful if serious omissions and errors be brought 
to his attention. 


DIMENSIONS AND VOLUME OF DOME 


The dome may be considered to be a truncated cone, having a circular top 
surface with a radius of 0.63 mile (68, p. 222), and borders that slope about 70° 
outward on all sides. The source bed of the dome is not exactly known, but recent 
compilation of subsurface data in northern Louisiana and northeastern Texas 
by the Shreveport Geological Society (39, pp. 488-90) justifies the assumption 
that the Grand Saline dome is underlain by the pre-Cretaceous Louann salt, 
which has been drilled southwest of the dome, in Limestone County, Texas, at a 
depth of 8,995 feet (39, Table V, p. 490). In conversation with oil geologists, the 
writer learned that depths between 15,000 and 20,000 feet are being considered 
for the mother layer. About the same figure has been suggested by Nettleton 
(60, p. 1177, footnote 6). 

If the salt dome is assumed to be 3 miles high (15,840 feet), and has slopes of 
70°, it would have a bottom radius 


0.63+(3-tan 20°)=1.72 miles. 


Applying the formula for the volume of a frustum of a cone, 
us 
~-h-[R°+Rr+r], 
3 


in which / is the height (3 miles), R the radius of the base (1.72 miles), and r the 
radius of the top surface (0.63 mile), we obtain for the volume of the salt dome 


1.047 °3°4.43= 13.92 cubic miles. 
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If Peters and Dugan’s figures are taken (66, Fig. 13), the shape of the dome 
is nearly that of a vertical column, not quite 3 miles high, and with an estimated 
radius of 2,000-4,000 feet. Calculated from this form, it would have a volume 
between 1.36 and 5.26 cubic miles. 

Before the dome rose, this amount of salt is assumed to have been a part of a 
flat layer, for which Barton (9, pp. 42-43) has calculated a probable thickness 
of 700 feet. The latest compilation of thickness of the Louann salt, as given by 
Hazzard, Spooner, and Blanpied (39) and Nettleton as reported by Willis (89, p. 
1249) shows variations in either direction but for purposes of obtaining merely 
the order of magnitude, the figure of 700 feet seems satisfactory. A cylinder, 700 
feet high, with a volume, 7-r?-h, corresponding with that of the Grand Saline 
dome, would have a radius of approximately 6 miles. If the figures given by Peters 
and Dugan are applied, the salt would have migrated laterally about 1,000 feet 
to 3.5 miles. Salt from that distance would have to move into, and toward, the 
dome before a peripheral depression put an end to the centripetal motion—if a 
depression developed (27, p. 541). As the dome is truncated and covered by cap 
rock, however, it is possible that a larger amount of salt has moved into and 
through the dome, but how much larger is unknown. 


MOVEMENT OF SALT 
LARGE-SCALE MOTION 


The most significant large-scale structure of the salt in the Kleer Mine, as 
stated before, is the folding with nearly vertical axes. It is fortunate that the 
development of such folds in a plug-like mass is easily understood, and has been 
tested experimentally with great success by Escher and Kuenen (30). Flat layers 
of china clay and paraffine that were extruded into a chimney, developed numer- 
ous folds with vertical axes. Folds were suppressed, however, if the layers had the 
same rheological properties, for instance, paraffine layers without china clay 
layers between (30, p. 170). The writer is indebted to James Bailey, vice-president 
and director of research, Plax Corporation, Hartford, Connecticut, for making 
similar extrusion experiments with a variety of materials. Layers of putty, sepa- 
rated by sheets of tissue paper, produce folds, whereas layers of plastic, having 
practically uniform flow properties, are drawn up into a slender, cylindrical, 
dome, but fail to form folds. These experiments are being continued, and at a 
later time will be reported. 

Escher and Kuenen have discussed the reasons for the vertical axes of the 
folds. While the direction of principal propagation of the whole material is cen- 
tripetally inward and upward, the converging motion of all particles generates 
peripheral, tangential stresses. Their varying directions would be represented by 
horizontal lines, drawn on the surface of the cone. As these stresses act parallel 
with the layers, they constitute shearing stresses. If the material chosen is homo- 
geneous, there is a continuous gradation of the rate of yielding from one small 
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, : 1G. 23.—Diagrams to illustrate probable dimensions and structural features of Grand Saline 
salt dome. 

A.—Cross section of salt dome, to scale, rising about 3 miles above hypothetical mother layer 
(dotted, above black floor of mother layer). Dash line: top of hypothetical 700-foot mother salt layer, 
prior to flow of salt into dome. Present thickness appreciably less, perhaps zero if peripheral sink has 
squeezed it out. Black area, on top of dome: cap rock. Blank area above cap rock: residue of Eocene 
sediments. Dashes on sides of dome: Eocene, and earlier sediments. 

B.—Surface of hypothetical cylinder truncating salt dome near base, to show possible accom- 
modation of rising dome by faulting in sedimentary cover. Double-dash line: Hypothetical key bed 
to indicate assumed slip component on faults. 

C.—Structure of salt layers, near base of salt dome, on surface of hypothetical vertical cylinder. 
Flat surface, surrounding dome, signifies top of salt bed, with cover of sedimentary rocks increasing 
outward. Numerous folds, in radial directions, rise toward axis of dome. Each anticline is assumed to 
be underlain by anticlinal salt layers, leading to complex structure inside salt dome, as shown on 
vertical surface of cylinder. Rear part of this surface is identical with corresponding surface of diagram 
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area to another, but if the mobility‘ of adjacent layers varies abruptly, the rates 
of yielding will also vary abruptly so that one layer, or one group of layers, must 
slip over or under adjacent layers. If the differences in mechanical properties are 
extreme, fractures and faults may occur, but folds will suffice if the strongest 
layers possess enough ductility to bend without fracture. 

Thus there originate around the periphery, at the base of the dome, numerous 
folds whose axes trend radially, and plunge outward from the dome in all direc- 
tions (Fig. 23). A simple and familiar way of reproducing this fold pattern is to 
raise several horizontal sheets through a horizontal ring. If the sheets differ in 
stiffness, the shearing of one sheet over another can be directly observed. 

That converging lines of movement are apt to produce folds parallel with the 
direction of forward propagation, was recognized by Ernst Cloos (20, p. 28) 
in connection with his studies in lineation and folds in thrust sheets, and the 
mechanism of acceleration flow of J. H. Mackin (54, pp. 27-32) is essentially 
identical with it, except that Mackin was concerned with the development of 
lineation, rather than fold axes, parallel with the direction of propagation. 

It seems impossible to predict just where individual folds will start to form, 
and how many layers will fold conformably in a thick sequence or where folds 
with different wave lengths will begin, if the contrasts in mechanical properties 
are not extreme. In the salt-layer sequence, at any rate, the behavior of any 
layer seems to have been governed by the percentage of admixed brittle anhy- 
drite grains. Other important factors are, assumably, the amount of overburden, 
the degree of compaction, and manner of yielding of the roof in each particular 
area, as well as variations in friction-coupling among the salt layers. The roof of a 
rising salt dome is not a smooth, trumpet-like surface but, more probably, a 
multitude of irregular salients, recesses, and sags, regardless of whether the roof 
yields by bending, or complex faulting. Each irregularity of the roof is likely to 
give rise to fields of greater or lesser shearing stresses, and thus should generate 
velocity differences between individual groups of salt layers. 

As each mass of salt approaches the axis of the dome, the directions of princi- 
pal propagation become steeper. Therefore, the axes of the folds turn also into 
progressively steeper directions until, at high levels in the dome, there should 
remain only a multitude of folds with nearly vertical axes. The nearly complete 
agreement between the orientation of Escher and Kuenen’s experimentally pro- 
duced folds, and those found in the mine seems to the writer a strong argument 
supporting the view that a salt dome like the present one, has indeed developed 
through the organized upward movement of salt layers through a vertical chim- 


‘ As the rheological properties of such diverse substances as paraffine, china clay, various plastics, 
unconsolidated sediments, and crystal aggregates differ widely, whereas the deformation patterns 
under discussion are essentially identical, a general term is needed that avoids the narrower if more 
rigorously defined, meaning of plasticity, pseudo-elastic flow, elasticoviscous flow, consistency, thix- 
otropy, structure-viscosity, and others. For this reason, the writer follows a suggestion by Goranson 
(35) in using a more general, less rigidly defined term. An interesting review of the various rheological 
definitions was recently given by G. W. Scott Blair (12). 
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ney. In fact it can be shown that practically no other mechanical process could 
have produced the fold pattern. Suppose, for example, that folds had formed at 
the base of the dome, with axes trending subhorizontally, but in tangential direc- 
tions, after the manner of horizontal rings near the base of the dome. If salt with 
such folds advances higher into the dome, the axes should reniain subhorizontal 
although the thickness and dip angles of limbs should be greatly deformed and 
modified. Supposing even that such folds had a more irregular original orientation 
and that they were flexed and drawn out in more than one direction through 
unequal rates of inward movement of adjacent masses of salt, one should still 
expect that at least some remnants of folds with flat axes would survive. Yet they 
seem to be completely lacking. 

On the other hand, it is safe to assume that, with close approach to the axis 
of the dome, parts of many salt layers were puckered and twisted so intensely that 
they were finally reduced to strips and lenses parallel with the upward movement. 
To a certain extent, this has also been observed by Escher and Kuenen who show 
that entire groups of folds may be sheared off others (30, pp. 165-67). Each com- 
plex retains its vertical axes, but, in horizontal plan, has a different geometry of 
its limbs. We believe that much of the compact salt has originated through re- 
crystallization of such marginal zones in which the layers have been obliterated, 
and contrasting patterns of limbs can be seen in many sections of the mine 
(J 6, L 8, J 11, 14, J 12, and elsewhere). 

Perhaps the sliding of individual groups of folds past each other helps to ex- 
plain the origin of the few small closures (p. 1805). If two or more complexes of 
folds had become independent and then continued to move higher through 
the chimney, it is conceivable that layers below them might be drawn into 
a finger-like space near the junction plane of the higher layers, and there develop 
a small, local dome. If drawn high enough, between stronger adjacent masses, 
such a small dome might subsequently be squeezed and its sides be bent to 
conform with the surrounding surfaces. Possibly, the bent closures at D 2 and F 
3 formed in such a way. 

The scarcity of folds in the contact-near zone of the salt dome (AB 2-7) is 
not surprising for the proximity of the resistant roof must have acted as a sta- 
bilizing plane that reduced folding of one group of layers over another. It has its 
analog in the surface films of streaming fluids, and the marginal zones of schistos- 
ity in the contact zones of many plutons and diapirs (4, p. 629; 6, pp. 54-69; 10; 
253; 29; 31; 40; 50; 56; 57; 65; 76; 88). 

Shear folds.—Despite the large number of known salt domes, the movement of 
very large masses of crystals through the earth’s crust, in the form of a dome, is a 
relatively rare phenomenon. It is therefore of great interest if certain phases of 
such a movement can be compared with similar features of deformation that are 
widespread in the earth’s crust. The shear folds provide this means of comparison. 
Evidently, these planes have played nearly the same role in the deformation of 
the salt as do cleavage planes in slates and other incompetent rocks. As such, 
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they are oriented parallel with the axial planes of the folds in which they occur; 
and the measurable component of displacement along the shears, as described, 
has served to lengthen each fold parallel with the axial plane. Shears in the salt 
differ, however, from those in argillaceous rocks in that rupture does not seem to 
have occurred, at least not at the now exposed level. In other rocks, all gradations 
are found between. nearly straight limbs of folds in which the shears cause only 
slight buckles, to rows of displaced fragments of the stronger interbeds, the differ- 
ence depending on the thickness of the layers, the degree of difference in strength 
between the weakest and strongest layers, the magnitude of the shear stress and 
load, and the amount of friction between layers. The literature that deals with 
these problems is large (3, 5, pp. 709-14, 722, 723, 7533 II; 19, pp- 31, 90, 159, 
Pl. 1, Fig. 1, Figs. 15, 32, 53; 26; 42; 45; 49). So-called ptygmatic folds (14, pp. 
163-65; 44; 78; 79), and boudinage (21, 71) are in some instances due to similar, 
closely spaced shear planes that have deformed more competent layers, with or 
without rupture. There seems to be a relationship between the grain size of the 
matrix, and the spacing of the slip planes. In slates, the cleavage planes commonly 
lie so close together that they can be counted only under medium or high magnifi- 
cation. In sandy slates from eastern New York, with an average grain size of the 
quartz of about o.1 millimeter, slip planes are about 2 millimeters apart. In gray- 
wackes, with clastic quartz up to about 1 millimeter, shear planes are as much as 
4-8 millimeters apart. In the Grand Saline mine, the slip planes seem to be about 
10-15 millimeters (about } inch) apart, although it may vary more, because al- 
most all shear folds happen to be exposed on high, inaccessible ceilings, and the 
distances are accordingly difficult to estimate. Nevertheless, the spacing seems to 
have a similar, and perhaps significant, dependence on the average grain size of 
the salt aggregate (Fig. 22). Perhaps studies in other salt domes will clarify these 
relations. 

It is to be hoped that some day, somewhere, a block of salt with the corru- 
gated anhydrite layers in it will be secured. At Grand Saline, it was not obtain- 
able. A block of this kind, in the hands of a skilled experimenter, may contribute 
significantly to our present knowledge of the amount of shear stress that will set 
in motion the slip planes. The shear folds reproduce, so to speak, the only, and 
unsuccessful, attempt to rupture the salt during its upward movement. It could 
be assumed that the planes die out downward at levels where the motion of the 
salt was free from throughgoing shear planes. Again, it would be interesting to 
know whether the planes cause actual displacement of the anhydrite layers at 
higher levels. As the mine operates one level only, this will probably never be 
known at Grand Saline, but such data can perhaps be gathered in other domes 
where several levels are accessible. As the large foreign literature shows, fractures 
and faults in salt are common at much lower levels than 700 feet (53, 80). It will 
probably never be possible to subject a slate block with interbeds of sandstone or 
limestone to the requisite strain to continue slip on already developed cleavage 
planes. Yet this may conceivably be possible with a block of rock salt for it lacks 
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a cementing substance, and what there is of it, has the same composition as the 
larger grains. Moreover, our knowledge of the deformation of halite is already 
far advanced. For this reason, it may perhaps be possible to establish the lim- 
iting conditions under which salt layers cease to fold without rupture, and 
throughgoing glide planes make their first appearance. 


SMALL-SCALE MOTION 


Deformation of anhydrite——The large-scale movement of salt through the 
dome is, of course, the combined result of the motion of immense numbers of 
individual crystals. It is desirable to trace the deformation from large-scale to 
small-scale phenomena. If we can discover analogs with deformational structures 
in other rocks, and connect them with other, similar processes in the earth’s 
crust; and should find that the similarities extend to large as well as small scales, 
the hypothetical picture of the evolution of salt domes becomes more reliable. 

The alignment of anhydrite crystals is a case in point. As far as we have been 
able to ascertain, anhydrite in undeformed, flat salt beds has the same range in 
size and crystallographic habit as the grains in domes. It may be assumed, there- 
fore, that these small crystals are carried passively, suspended in the halite 
aggregate. At any rate, we have failed to find evidence that these crystals have 
grown appreciably while they were embedded in the salt. The very definite 
alignment of these small prismatic crystals in directions that coincide with the 
orientation of the fold axes and approach that of the axis of the dome as closely 
as can be expected, in view of the size and steeply conical shape of it, leaves little 
doubt that the movements of the small interpositions were systematically co- 
ordinated to the large-scale motion of the salt mass through the dome. The pre- 
ferred orientation of the anhydrites has its exact counterpart in the alignment 
of prismatic phenocrysts in igneous plugs parallel with the axis of the plug, the 
subvertical alignment of pebble axes, prismatic minerals, and metacrysts along 
the borders of plutons and diapirs, and the preferred orientation of prismatic 
suspensions parallel with the axis of a pipe in which a fluid is flowing (6, pp. 87- 
90; 23-25; 59; 72). It has a further analog in the rolling textures of steel and other 
alloys, in which the more brittle admixtures, due to the simultaneous effects of 
compression and stretching, are drawn out in streaks parallel with the direction 
of rolling (73, 41, Pp. 172; 7, pp. 395-408), and may or may not be flattened par- 
allel with the rolling plane. Still another comparable orientation is that of the 
“seeds” (small bubbles) in rolled glass. They, too, are elongate parallel with the 
direction of rolling.’ A linear texture, parallel with the axes of folds, was observed 
by Escher and Kuenen in their experiments with paraffine and china clay. It 
is described as “longitudinal grooves” and “creased appearance” (30, pp. 164, 
165, 170, 171, Pl. 33, Figs. 31, 33, Pl. 37, Fig. 48, Pl. 24). The stretching of their 
material in the direction of the lineation was particularly noticeable through the 


5 Letter to the writer, dated July 1, 1946, by J. C. Hostetter, president, Mississippi Glass 
Company, St. Louis, Missouri. 
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development of tension cracks at right angles to the axes of the folds (30, p. 163, 
Pl. 34, Fig. 37, p. 165). Taylor (87, p. 39) mentions trains of anhydrite 
cleavage fragments, suggesting that they have been pulled apart by the motion 
of the surrounding material. In the slides examined in the present study, this 
particular feature was not found, but a more comprehensive microscopical ex- 
amination of the salt may well bring to light more examples of this kind. 

Deformation of halite——This leaves the halite crystals as the principal carriers 
of the deformation of the salt dome. It is remarkable that the microscope shows an 
aggregate of unstrained isotropic crystals, despite the manifest evidence of im- 
mense mechanical deformation. It is worth while to review briefly present in- 
formation on this seemingly contradictory condition. 

Under stress, halite crystals deform by slip on the six dodecahedron planes, 
(110) in the direction, [110], (74, p. 165; 75, pp. 240-41; 7, p. 297). As we wish to 
know how salt will behave under unequal load, the most important point is the 
determination of the least shearing stress that will cause permanent deformation 
of halite crystals. This matter has been the subject of many investigations, and 
difficult to determine. There is agreement that dry, impure halite is stronger 
than dry, pure halite; that enclosed water increases its strength greatly; that 
previously strained salt is stronger than unstrained salt; and that salt at low 
temperatures is stronger than at high temperatures. Whether an aggregate of 
small halite crystals is stronger, as strong, or weaker than a single crystal, does 
not yet seem to be clear. Most of the pertinent data are discussed by Schmid and 
Boas (75, pp. 238-71), who cover the literature to 1935. 

In 1934, Nettleton (60) presented his well known theory explaining the rise 
of salt domes by the effects of shearing stresses generated by a difference in load 
of two adjacent theoretical columns of rock. His Figure 1 (60, p. 1179) gives the 
differences in hydrostatic pressure between columns of various aggregate specific 
gravities. 

We wish to know under which favorable conditions the originally flat, un- 
deformed salt layer may have been able to produce the first doming of its roof. 
Though the relevant facts and figures are not precise enough to give a complete 
solution, they do permit us to describe the nature of the conditions in approxi- 
mate terms. 

Figure 24 shows a salt layer, 700 feet thick, under 15,000 feet of sediments. 
On the left, a column, A, is singled out. It is assumed to have a bulk specific 
gravity of 2.5. Therefore, at the base of this column, the salt stands under a pres- 
sure of pa=1,144 kg./cm.? On the right, column B is assumed to have a bulk 
specific gravity of 2.36, so that the salt at its base stands under a pressure of 
Pps= 1,079 kg./cm.? If the salt behaved like a fluid, it would transmit the pressure 
Ppa, to all its parts, so that at point B the pressure exerted by the salt against the 
base of the sedimentary column would exceed by 65 kg./cm.? the pressure of the 
sediments on the salt. 

How great must this excess pressure be in order to deform the salt, that is, 
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to produce the first buckling of the sedimentary cover upward? The salt must 
not only overcome its own internal friction, but must also lift its roof rocks and 
deform them. Nettleton (60, p. 1184) and Dobrin (27) have shown that the ease 
with which the roof is deformed, depends on the viscosity properties of the roof 
rocks. But neither it nor the internal friction of the salt can be stated in exact 
figures. However, the least shear stress is known that will cause permanent de- 
formation of salt aggregates. In a series of important experiments, Walter 
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Fic. 24.—Diagram to illustrate conditions under which a salt dome may begin to form. Two 
columns of sedimentary rocks differ in bulk specific gravities by 0.14. If they are 15,000 feet high, the 
heavier column, at A, will exert on salt a compressive stress of 1,144 kg./cm.2, whereas lighter column, 
at B, will produce compressive stress of 1,079 kg./cm.’, or 65 kg./cm.? less than that at A. If the salt 
is assumed to transmit pressure at A like a fluid, salt at B would exert compressive stress of nearly 
1,144 kg./cm.2 on base of sediments. Greatest shear stress component of this excess pressure, namely 
30 kg./cm., is adequate to cause permanent deformation in salt. Therefore, under favorable condi- 
tions a dome might be initiated at B. 


Schmidt (77) has found that a least shear stress of 30-40 kg./cm.? will start plastic 
deformation of halite. Similar experiments by Stécke and Borchert (84) gave fig- 
ures of 30-50 kg./cm.?, and earlier determinations by Joffé, Kirpitschewa, and 
Lewitzky (46, p. 286; 47, p. 62) gave similar to slightly higher values. As every 
compressive stress can be imagined to generate two equivalent shear stresses, 
a mass of salt should be under an excess compression of at least 60 kg./cm.? in 
one direction, in order that slip along favorably oriented glide planes of its crys- 
tals may commence. It will now be seen that if the two theoretical, adjacent col- 
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umns differ in bulk specific gravity by 0.13-0.14, at the base of the lighter column 
a pressure differential of very nearly 60 kg./cm.? may develop (59 kg./cm.? for 
0.13, and 65 kg./cm.? for 0.14). This pressure differential, divided by two, would 
give the least shear stress necessary to cause permanent deformation of some 
crystals. 

Peters and Dugan (66, pp. 382, 391) report that samples of sedimentary cover 
rocks, collected at the surface, and drill-core specimens, down to depths of 8,600 
feet, vary in specific gravity from 2.10 to 2.66 but beyond this one can only guess 
what combination of light layers or lenses of sediment may have so reduced the 
bulk specific gravity of a particular section that the requisite pressure difference 
was created at the top of the salt. One might imagine that a section of particu- 
larly porous, dry sediment would be a favorable area for the initiation of a dome. 
We have not gone through the large stratigraphic literature of the Texas Gulf 
Coast to see whether such variations of porosity, composition, and amount of 
ground-water flow are common, or very rare in other places. 

The conditions favorable for initiation of a salt dome could be improved if a 
particularly light column of rock is surrounded by a uniformly heavy sequence 
of layers; or if the salt layer already had a local “high”’ in its original surface; or 
if the mother layer was appreciably thicker in one area, for this would probably 
reduce the internal friction of the moving salt. It should also be kept in mind that 
the geothermal gradient at a depth of 15,000 feet may raise the temperature of 
the salt to about 350°F. (177°C.), which very probably reduced the shear strength 
of the salt, so that a pressure differential of less than 60 kg./cm.? may have 
sufficed to initiate doming. 

Concluding, one may say that the geological environment seems nearly ade- 
quate to produce the mechanical conditions under which a salt dome may begin 
to rise. Nevertheless, it would be desirable to have in reserve, so to speak, a cer- 
tain margin of safety that might increase one’s confidence that the process here 
envisaged, has been competent to lift the roof, and that the depths of 3 or more 
miles at which the movement is thought to have started, are adequate to generate 
sufficiently large shear stresses. We believe that the creep of halite provides this 
safety factor, but present data permit only a guess of how effective it may be. 

Creep.—‘There is a rather clearly defined stress at which a given crystal 
will begin to flow at an appreciable rate. Below this stress the rate of strain is so 
slow it requires long-time tests to measure it. In this range the flow is creep” 
(7, p. 294; see also p. 344). Creep in halite has not yet been tested extensively. 
Griggs (33, pp. 241-42) refers to an experiment with a single crystal. It was 
compressed at 61 kg./cm.? (corresponding approximately to a shear stress of 
30 kg./cm.*) for 42 days. The compressed side was 0.021 cm. shorter than before, 
and ‘‘of this, only 0.00021 inch, or 0.026 per cent is attributed to pseudoviscous 
flow.’’® The stress chosen is nearly identical with Schmidt’s least shear stress, 
and thus does not increase our knowledge significantly. 


* Letter from David Griggs to the writer, dated April 7, 1940. 
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The elastic limit of halite, based on determinations by A. Smekal and others, 
is generally given as between 3.7 and 15 kg./cm.?, depending on the method of 
determination and degree of purity of the material. Thus there is an appreciable 
gap between the elastic limit and the least shear stress of about 30 kg./cm.? 
that produces permanent deformation of halite in short-timie experiments. At 
the moment, there does not seem to be enough information on the behavior of 
halite in this pressure field to justify more than a guess of what might be found. 
Nevertheless, at the conclusion of their tests with halite, Stécke and Borchert 
have the following to say (translated by the writer). 

Especially the results of experiments of long duration justify the assumption that the 
values for stresses obtained in the laboratory, represent maximum values for the inception 
of rock deformation; and that very probably even small deviations from a field of hydro- 
static pressure, and small effects of a pressure in excess of confining stress, if applied over 
long geologic periods, will generate flow phenomena. Perhapsa shear stress of 30 kg./cm.?, 
at a temperature corresponding to the geothermal gradient, can permanently deform rock 
salt, if not noticeably in one year, then in a century; especially if each single grain is 
healed over and over by recrystallization. At present, no final data are available on this 
point. But certain it is that the influence of time is only directed toward a reduction of 
the shearing strength (84, p. 216). 


With this in mind, one may picture the mother salt bed under a load which was 
sufficiently reduced at certain points that the stress differential set in motion 
permanent slip on dodecahedron planes of millions of halite crystals. One com- 
ponent of a majority of these slip movements was presumably directed upward, 
so that the roof began to yield very slowly, giving rise in due time to the first 
domal protrusion of the upper salt contact. 

How fast did the salt rise? If Holmes’ latest figures for the duration of geo- 
logic periods are used (43), and if it is assumed that the movement began in 
early Cretaceous time, we have about 120 million years for the movement. As- 
suming that the shortest distance to rise was about 3 miles (15,840 feet), we have 


15,840 feet per 120 million years, or 
132 feet per 1 million years, or 
0.158 inches (3.95 mm.) per century, or 
0.04 millimeter per year, or 
0.0001 millimeter per day. 


The actual movement must have been faster for a large volume of salt has prob- 
ably streamed through the chimney, and if the radius of the hypothetical gather- 
ing area, 6 miles (p. 1813), is considered, a rate of movement of about 0.08 milli- 
meter per year, or 0.0002 millimeter per day, may be a better approximation. 

It is interesting that much faster movement of rock salt has been measured 
in mines. In 1907, director Bernhard Busch of the Neu-Stassfurt mine in Ger- 
many published a series of measurements of plastic salt deformation (16). Fig- 
ure 25 lists his findings. His attention to salt movement was aroused by the 
inward bending of the walls of a newly excavated shaft. Thereupon the interior 
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diameters of crosscuts, about 300 feet (100 meters) from the shaft, were gauged, 
at a depth of 2,460 feet (750 meters). It will be seen that salt was capable of ex- 
truding at speeds as much as 0.13 and o.9 millimeters per day—many hundreds 
of times faster than needed in the foregoing picture. Busch also had holes drilled 
into the walls, 40 millimeters in diameter, and 50 centimeters deep. These were 
filled with lead bars that just fitted when they were inserted, and the time was 
recorded when they jammed. At 500 meters depth (1,640 feet), the bars jammed 
after a few months; at 300 meters depth (984 feet), the bars jammed after 2 
years; and above 250 meters depth (820 feet), the holes stayed open. 

A report by Georg Spackeler (83, pp. 66-67) is also of interest. He states that 
in salt mines in the Austrian Salzburg district, old tunnels were discovered in 
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Fic. 25.—Graphic representation of Busch’s measurements of plastic flow of salt, in tunnels of 
the Neu-Stassfurt mine. Ordinate gives shortening of tunnel diameters, as gauged. Long curves 
represent shortening of horizontal diameters, shorter curves are changes in vertical diameters. Figures 
in chart give shortening in millimeters. 


which bodies of ancient Celtic miners were found with their mining tools, em- 
bedded in salt. Unfortunately, the original reference is not given by Spackeler. 
His description does not exclude the possibility that the embedding was caused 
by slip of salt clay which is known to occur in the Salzburg district, nor is it 
specifically stated that the embedding salt could not have been a pile of salt 
fragments that may have collapsed upon the miners, and that subsequent ce- 
mentation by mine waters created the impression that this pile of salt had pro- 
truded plastically over the bodies, as Spackeler believes. Nevertheless, if the 
slowest rate of plastic flow in Busch’s figures is used, 5 millimeters in 106 days 
(0.048 millimeter per day), a salt wall might protrude as much as 3.5 meters or 
11.5 feet, in 2,000 years. Even one half of this value might suffice. 

Most of the North American mines in salt domes are of very recent date, and 
few operate at depths below 1,000 feet. The chances of discovering traces of 
plastic flow, therefore, are not good, especially as the vibrations set up by heavy 
blasting, cause large-scale fracturing parallel with the walls of rooms in many 
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instances. Nevertheless, we have seen timbers, more than 6 inches thick, bent 
and broken by movement of the salt behind it, and drill holes with appreciably 
reduced diameters. If in some abandoned tunnels of a few mines a few of the 
sensitive new strain gauges could be set up, our knowledge of slow movement of 
salt masses in domes might be significantly increased. Though it does not seem 
possible to measure directly a rate of upward motion, it might be possible to learn 
the magnitude of internal strain, especially in salt ‘‘spines.” 

Strain-hardening, and recrystallization.—All experimenters agree that halite 
crystals become stronger as they are being deformed by slip. In other words, 
strain-hardened crystals resist further deformation, so that a greater and greater 
shear stress is required to overcome this resistance. In Schmidt’s experiments, a 
stress of as much as 275 and 300 kg./cm.? was needed to maintain deformation 
(77, p. 11). This strength approaches that of limestone. On the other hand, 
he found that mere increase in the compressive stress is of very little significance. 

We may therefore amplify the theoretical picture of a salt mass that begins 
to form a dome, and assume that in the aggregate those particular crystals will 
slip first, in which the effective component of the shear stress lies closest to the 
direction of slip on the dodecahedron planes. As there are six equivalent ones in 
each crystal, it may be assumed that that particular direction will first be utilized 
that lies most nearly parallel with the direction of easiest relief—in this case 
probably upward. Other directions may be utilized in succession. 

Crystal grains that have been so deformed, may be supposed to retire for 
some time from further deformation, on account of their incipient strain-harden- 
ing. In the meantime, their neighbors, whose orientation made them less sus- 
ceptible to strain at the beginning of the deformation process, may now take 
over, and in due time the entire salt mass should have slipped, so that all crystals 
have become strain-hardened. Should that happen, a shear stress of increasing 
magnitude only could keep the salt deformation up. 

In order to propagate the entire salt mass through the dome, the mass of each 
crystal must slip many times. In order that a crystal lose its strain-hardening, it 
is necessary that the ions whose positions have been locally disturbed by the 
slip, return to new, normal positions. The process is known as recrystallization, 
and has been the subject of several investigations. We wish to know how soon 
after deformation, and through what circumstances, a crystal may return to a 
recrystallized condition, in order to lose its strain-hardening, and to be able to 
slip again under a relatively low shear stress. 

Ingression of water would be a simple means of depositing crystals with re- 
laxed, normal lattices from brine. There is, however, no evidence that in this 
dome brine circulation, even on a limited scale, has been of any significance. It 
is more probable that an essentially dry aggregate of crystals has at all times been 
the carrier of the deformation. Aggregates of strain-hardened halite crystals, 
when heated for about 168 hours at 100°—200°C., lose the strain-hardening (77, 
p. 22). If the generally accepted geothermal gradient of about 1°F. per 50 feet 
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is applied, the salt at a depth of 15,000 feet might be at a temperature of about 
350°F. (ca. 177°C.). If so, it would recrystallize promptly and remain a very weak 
substance. At higher levels, both temperatures and rates of recrystallization de- 
crease, though exactly at what rate is not known. Salt aggregates which Schmidt 
had strain-hardened to a fairly high amount, and laid aside at room temperatures 
for a half year, failed to show weakening due to recrystallization when tested 
again. Their deformation curve rose purely elastically to the highest shear stress 
to which the material had been exposed, and then flattened out, indicating the 
beginning of plastic flow; a knickpoint separated the two branches of the curve 
(77; Pp. 22). 

Similar tests have been made by J. Leonhardt (52). Specimens of natural 
salt from mines were powdered, compressed under 500-30,000 kg./cm.?, and sub- 
sequently heated at different temperatures and over varying periods. The degree 
of lattice orientation was at all stages tested with x-ray diagrams. He reports (52, 
p. 85) that both sodium chloride and potassium chloride begin to recrystallize 
at room temperatures if the preceding applied stress has been high enough. A 
specimen, for instance that had been compressed at room temperature for 1 hour 
at 10,400 kg./cm.?, had completely recrystallized after 720 hours (1 month). 
Another specimen, compressed for 1 hour under 500 kg./cm.?, had begun to re- 
crystallize after 20 days at 100°C. In contrast to the two halogen salts, anhydrite 
did not begin to recrystallize below 600°C. Leonhardt also tested the compressive 
strength of strain-hardened halite and sylvite before and after tempering, and 
found that the heating lowered the strength appreciably (52, p. 91). 

Burgers (15, p. 192) summarizes earlier experiments by Miiller (58) and Przi- 
bram (70) who endeavored to determine the speed with which recrystallization 
progresses in previously compressed halite single crystals, as well as crystal 
aggregates. Figures obtained under heat and pressure conditions that exceed 
greatly what may be expected in our case, are of little interest, but a few experi- 
ments approach geological conditions closely. A group of specimens had been 
compressed at 200 kg./cm.?; at a temperature of 100°C., a speed of recrystalliza- 
tion of 0.0038 mm./min. was found; at 200°C., the speed was 0.022 mm./min.; 
and at 18°C., it was 0.00006 mm./min. (= 31.5 mm./year). These speeds are far 
in excess of what is needed in the picture of a salt aggregate moving through a 
salt dome, and all experimenters agree that impurities in the salt, and decrease in 
compressive stress will appreciably slow down the speed of recrystallization. It 
seems to the writer, however, that the order of magnitude of these figures comes 
close to what is to be expected under geological conditions, and if the movement 
proceeded at the rate generally estimated, it would explain satisfactorily why the 
halite aggregate fails to exhibit strain birefringence under the microscope, de- 
spite the strong evidence of large mechanical deformation. On the other hand, it 
should be expected that among very many crystals, a few would be strained, 
namely, those that have been slipping so recently that they have not yet recrys- 
tallized. A systematic examination of a large number of thin sections, collected 
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from the most likely places in the mine, might bring to light such grains. It should 
also be possible to determine to what extent strain is optically reproduced. For 
instance, in the immediate vicinity of blasts, or at places where salt has spalled 
due to blasting, strained grains may be located. If they should be entirely lacking 
it might be worth investigating whether perhaps the borders of anhydrite zones 
show greater strain than other zones of purer salt. It should also be kept in mind 
that at the shallow levels at which most of the Gulf Coast salt mines operate, the 
salt is not any longer in a very active zone of plastic flow, and that accordingly 
the number of strained crystals is bound to be very small. 

The last question is the reason for the distorted shape of so many halite crys- 
tals. The writer does not have enough evidence for more than a few suggestions. 
The answer is difficult because we do not seem to know at present whether the 
elongate halite grains are preferentially oriented. In the available time it was not 
possible to make systematic observations on mine walls to determine any pre- 
ferred crystallographic orientation of halite crystals. We gained the impression 
that many grains had a cube edge, or the pole to the octahedron plane, upward, 
and looked in vain for grains that had the cube face up. To decide this matter, a 
systematic statistical study is needed, far beyond what the writer intended to 
do. It is also possible that the elongation of so many grains parallel with the axis 
of movement has been brought about by deformation of each crystal into the most 
stable shape, so that rotational moments on its flanks became a minimum. Such 
a group of sheared plates could then have recrystallized into the almond-shaped 
grains that are seen on the mine walls. Such deformation of aluminum crystals 
has been studied and illustrated by Seidl and Schiebold (82, pp. 320-23). Perhaps 
that of halite is not unlike it, but more work is necessary before an answer can 
be given. To which extent Riecke’s principle may be applicable, is likewise diffi- 
cult to say as long as the crystallographic orientation of the grains is unknown, 
and the presence of films of brine on the crystal surfaces is, to say the least, most 
difficult to prove. 


CONCLUSIONS 


In our opinion, the large-scale and the small-scale deformation phenomena 
in the exposed part of the salt dome are satisfactorily explained by the motion of 
a layered salt-anhydrite mass upward through the dome. We do not believe that 
any other process can bring about the identical orientation of so many heterogene- 
ous structural features. 

A review of the literature, although admittedly incomplete, suggests that an 
aggregate of halite, given sufficient load differentials, will commence upward 
plastic flow at depths of about 3 miles, provided it can overcome the resistance 
of the roof. Available data on strain-hardening, rates of recrystallization, and 
plastic deformation of halite seem compatible with the fact that the halite aggre- 
gate fails to exhibit strain birefringence despite compelling evidence of great me- 
chanical deformation. 
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The initial formation of the layered saline series, the factors that may have 


determined the location of the dome, the origin of the cap rock, and the possible 
role that forces other than density difference may have played in bringing about 
the rise of the salt, are considered outside the scope of this paper. 
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STRATIGRAPHY OF FRIO FORMATION 
ORANGE AND JEFFERSON COUNTIES, TEXAS! 


FRANK REEDY, JR? 
Houston, Texas 
ABSTRACT 


Recent development in the Gulf Coast of Texas has indicated the productive possibilities of many 
of the sands composing the lower part of the thick Frio formation of Oligocene age (considered to be 
Miocene by some workers). Exploration to the deeper sands of the Frio discloses facts of depositional 
conditions of this formation, which are as critical as structure for the accumulation of petroleum. 

In Orange and Jefferson counties the Frio formation is divisible into three lithologic units: an 
upper unit consisting primarily of sands; a middle unit of marine shale; and a lower unit consisting of 
sands and shale. Isopach maps reveal the location of ancient offshore bars and re-entrant basins and 
also show local thinning of beds in areas of structural uplift. The variation in stratigraphic position 
of certain foraminiferal associations is believed to be due to ecological changes and to the marine 
progressive overlap. 


INTRODUCTION 


Orange and Jefferson counties, in the southeastern part of Texas Gulf Coastal 
Plain, is an area characterized by the gulfward-dipping homocline locally inter- 
rupted by salt domes, and faulted anticlines. 

The area described includes most of Orange County and the northern part 
of Jefferson County (Fig. 1). The southwestern part of Jefferson County including 
the Fannett and East Fannett fields and Winnie-Stowell field is not considered 
here because it represents a separate structural area and depositional basin. 
Within the area under consideration, oil has been found associated with (1) salt 
domes: Orange, Port Neches, and Spindletop domes producing from sands of Mio- 
cene age, and from sands of the Anahuac and the Frio formations of Oligocene 
age (considered Miocene by some workers); (2) faulted anticlines: West Beau- 
mont and Nome fields, producing from Anahuac and upper Frio, Amelia, and 
Lovell’s Lake fields producing from upper and lower Frio, and North Vidor, North 
Cheek, South China, and Gilbert Ranch fields producing from lower Frio; and (3) 
stratigraphic traps: North Port Neches producing from the lower Frio. 

The Frio formation, which occurs between the Anahuac and Vicksburg forma- 
tions, normally consists of more than 2,500 feet of neritic and marine sands and 
shales. The sands have produced to date more than 30 million barrels of oil from 
the fields listed. 

The subsurface problem has involved the study of more than 150 electrical 


1 Read by title ‘‘Zonation of the Frio Formation of Southeastern Texas” before the Association 
at Denver, April 26-29, 1948. 


Manuscript received, June, 13, 1949. 


2 Division geologist, Crown Central Petroleum Corporation. 

The writer is indebted to Benjamin Bloom, manager of the land and exploration department, and 
to the officials of the Crown Central Petroleum Corporation for permission to publish this paper; to 
the geologists and paleontologists of various oil companies for their cooperation and permission to 
use the data of their wells; to Marcus A. Hanna, Sidney A. Judson, Paul Weaver, and Claude 
C. Albritton, Jr., for their criticism and advice; and to Mayne R. Davis who assisted in drafting 
the sections and maps. 
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logs, paleontological data and core records of wells drilled in the area. Those 
wells which penetrated beyond the top of the Frio formation and for which elec- 
trical logs were available are encircled in Figure 1. This study includes all wells 
drilled as of January 1, 1948, together with certain information from key wells 
more recently drilled. 

The marine Frio formation in the Gulf Coast is known entirely from subsur- 
face study, since its updip surface equivalent is an assemblage of non-marine sand 
and clay, possibly the same as the Catahoula formation.* To the writer’s knowl- 
edge there is no published information on lithologic subdivisions of the Frio in 
the Texas Gulf Coast, and opinions differ widely on this subject. 

The purpose of this work is, by the analysis of all available subsurface data 
on the Frio formation (1) to formulate a practical lithologic subdivision that will 
serve as a basis for structural interpretation, (2) to determine the extent of the 
sands that might be involved in stratigraphic traps, and (3) to define the posi- 
tion of microfaunal assemblages in the lithologic complex. No effort is made here 
to determine the precise geologic age of the Frio, or to correlate it with other 
formations. The Frio is generally considered as middle Oligocene in age,‘ but there 
is evidence to suggest that the age may be Miocene.® 


STRATIGRAPHY 


The term “Frio” as used in this report is the ‘‘subsurface Frio” as described 
by Deussen and Owen,® and Ellisor.? Long commercial usage has applied the 
term “Frio” to the sand series which underlies the Anahuac formation (upper 
Oligocene marine shale wedge) and overlies the Vicksburg formation. 

The Anahuac formation® is recognized as that section predominantly shale, 
with calcareous and sand members, characterized by the occurrence of Discorbis 
species, Heterostegina species, and Marginulina species. It is commonly difficult to 
differentiate the lithologic character of the Marginulina zone, which consists of 
grayish green, brittle shale with thin- to massive-bedded fine-grained sands, 
from the Frio, which consists of green, waxy-textured shales with coarser-grained, 
frosted and more massively bedded sands. Thus, from electrical logs, this contact 


3 A. Deussen and K. D. Owen, “Correlation in Gulf Coast of Texas,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 23, No. 11 (November, 1939), p. 1632. 

4E. H. Sellards, “Stratigraphy of Texas,” Univ. Texas Bur. Econ. Geol. Bull. 3232, pp. 700-10. 

Alva C. Ellisor, ‘‘Anahuac Formation,” Bull. Amer. Assoc. Petrol. Geol., Vol. 28, No. 9 (Sep- 


tember, 1944), PP. 1359, 1365. : . 
D. W. Gravell and M. A. Hanna, ‘‘Subsurface Tertiary Zones of Correlation,” ibid., Vol. 22, 


No. 8 (August, 1938), pp. 984-1013. 
The Lepidocyclina Texana Horizon in the Heterostegina Zone, Upper Oligocene, of Texas 
and Louisiana,” Jour. Paleontology, Vol. 11, No. 6 (September, 1937), pp. 520-22. 

5 James A. Waters, ‘‘Stratigraphy and Paleogeography of the Catahoula-Frio Formation,” read 
before the Association at Denver, April, 1948. 


6 A. Deussen and K. D. Owen, op. cit., pp. 1603-34. 


7 Alva C. Ellisor, op. cit., pp. 1355-75. 
8 Alva C. Ellisor, op. cit. 


} 
| 
t 
| ; 
, 


Megnolic e 
Sroussord 


— 


- 
ferme 


che 
Magnoll Stroke 
Hughes 


Gultermen 


Pen Americen 
Fontenot 


Megnolic 
{ Funchess 


McCarthy 


Stanolind 
Coswel/ 


a 


2 

Hebert Smith 
Yount ~~ 


owon 


Yount 
BEAUMON: 
R 
Hebert @ Smith 8-1 


® Browssord 


@ 
Tite 106, | 

~_® nome SOUTH \ Glodys 
~ & ga! Texes Pub. Ser. CHINA \\ Funchess 
A Z @ crown central sero 
w 

Tex 
Grousserd moe, R. Fi lad N C. E on 
rerson 
RANCH @ Titenie Tortoris 7 BSrovsserd 
Jett 
Worren 
@ venes 
venes® “habe 
Kemp 
© sun 
CHAM BERS(CO.N C 
~~ 


Fic. 1.—Index map, indicating locations of wells drilled below top of Frigormat 


- 
Kersten 
Phelan 
\ 
) 
So / Hinkl 
-BO® 5-, Stroke. A 
© 1 Pipkin 
Sun x Honktomer & Reed 
Titente cou! ‘ 
0 
T/ 
ONT 
3 
: 
| 


S 
.Pester 
S14. of Tpres 
| — __Gisr A 
JASPER co. NEWTON co. | 
N 
MeLeen ) 
) 
/ 
jouston 
Smith { an. Fuel 
Sibert & wiltiems by te.Stete 
\ R N G E “oon : 
son g\ MVidor 2 
® Frezier Attontte 
MVidor Moore onawee 
/ 
Brown 
T Canad 
_Leaghem Turnbull etal... 5, McCarthy 
NORTH | 2\ (ORANGE 
(27 
ORT NECHES 1 NORTH PORT WN. 
s 
EToP 
® 2 
ulf 
veto | You 
DETAIL 
LAKE 
ZONATION OF 
FRIO FORMATION 
ARTHUR a JEFFERSON CO. & 
Z ORANGE CO., TEXAS 
/ ° ' 2 30000 


SCALE IN FEET 


BY: FRANK REEDY MARCH, 1948 


formation as of January 1, 1948. 


Wells encircled had electrical logs available. 
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FORMATION DESCRIPTION FAUNA ELECTRICAL LOG ZONATION 
CROWN CENTRAL PET. CORP. 
NO./ R.H. HUNTER 
JEFFERSON CO. or 
| | oiscoreis MASSIVE DISCORBIS SANDS 
SANDS AND 
ZONE DISCORBIS GRAVELLI 
HETEROSTEGINA 
HETEROSTEGINA C 6500 
oO HETEROSTEGINA 
S ZONE LIME AND MIOGYPSINA 
SHALE 
> MARGINULINA 
< MARGINULINA SANO 
MARGINULINA /01OMORPHA 
vowe MARGINULINA arg 
SHALE MARGINULINA HOWE! UPPER FRI fa) 
A = 7000 
MASSIVE 
SANDS 
AND 
SHALE Fs 
UPPER i 
CIBICIOES tir 
FRIO AMELIA SAND 
7500 
oO 
MIDDLE FRIO 
CYCLAMMINA SP. 
MARINE  S/PHOWINA ADVENA 
WONION STRUMA P 
SHALE 
AMMOBACULTITES NUMMUS 
O MIDDLE BOLIVINA MEXICANA ; 
a FR/O GYROIDINA SCALATA 
8000 
UVIGERINA STEPHENSONI 
VERNEUVILINA ranensis | 
BOLIVINA ALAZANENSIS 
= LOWER FRIO 
SANDS 
AND 
LOWER SHALE 
FRIO 8500 
NODOSARIA 
NODOSARIA BLANPIED! i SAND 
T. 0. 8804 
| VICKSBURG SHALE TEXTULARIA WARREN/ VICKSBURG 
BY: FRANK REEDY 1946 
Fic. 2.—Reference well with applied zonation of Frio formation. Occurrence 
of paleontological fauna indicated as found in well. 
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between the Marginulina sands of the Anahuac formation and the sands of the 
Frio formation is variable and subject to the individual’s interpretation. 

The deposition of the Anahuac formation suggests a period of subsidence? dur- 
ing which the sea advanced far inland, depositing the marine shales and the reef 
limestone. The Marginulina sands were developed as the strand-line transgressed 
and the Discorbis sands were developed as the seas retreated. 

Like the Anahuac, the Vicksburg formation was formed during a period of sub- 
sidence,!° when the strand line advanced farthest inland. These deposits are 
characteristically marine shale and contain the foraminifer, Textularia warreni 
Cushman and Ellisor.™ 

The Frio was formed during a period of partial emergence, between the re- 
treat of late Vicksburg and the advance of early Anahuac time. There were addi- 
tional oscillations of the sea during middle Frio time, most marked of which was 
the advance of the sea forming the marine middle Frio shale wedge. 

Figure 2 is a generalized geological section, which shows the three Frio mem- 

. bers as recognized on a typical electrical log. This log should be considered for ref- 
erence and does not represent a type log, because of the rapid transitional nature 
of the Frio formation. The paleontological markers are shown as actually found 
in this well and do not indicate their regional occurrence. This electrical log is in- 
teresting because it illustrates also the reaction of the self-potential curve to con- 
tamination in the hole due to a gas- and salt-water flow. A sand was encountered 
while drilling from 8,790 to 8,800 feet, which flowed gas and salt water. This flow 
was killed and the electrical log run to 8,804 feet. The self-potential curve from 
depths of 8,500-8,800 feet indicates less sensitivity due to the salt content of the 
mud in the hole, which decreased the normal potential change between sand and 
shale. The self-potential curve was so masked that it does not indicate the char- 
acteristic normal curve of the sand which was logged and side-wall cored from 
depths of 8,650-8,690 feet. However, this sand can be identified on the ampli- 
fied normal curve. This phenomenon has been observed in many electrical logs, 
particularly in the middle and lower Frio zones. 


UPPER FRIO 


This zone of characteristically massive-bedded sands (from 6,950 to 7,653 
feet in reference log, Fig. 2) of neritic to marine facies was deposited by marine 
progressive onlap. It decreases from a thickness of 1,100 feet updip to 200 feet 
downdip, and has a distinctive species, Cibicides hazzardi Ellis. Updip, this for- 
aminifer occurs generally near the base of the upper Frio, rising in the section 
downdip until it occurs near the top of the Amelia sand member (Langham sand 
of the Amelia field), and in the extreme downdip section, this species occurs 


9 A. Deussen and K. D. Owen, oP. cit., p. 1620. 


10 A, Deussen and K. D. Owen, of. cit., p. 1619. 


11 Alva C. Ellisor, ‘Jackson Group of Formations in Texas with Notes on Frio and Vicksburg,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 11 (November, 1939), pp. 1321-22. 
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near the top of the upper Frio zone (Fig. 3). The massive character of these sands 
diminishes downdip as the shale content increases. 

The Amelia sand” is a massive sand midway in the upper Frio zone easily 
recognized on the electrical log (as from 7,290 to 7,653 feet in the reference log, 
Fig. 2), which is distinctive of the lower part of this zone. The basal part of the 
Amelia sand member suggests interbedded thin sand and shale (as from 7,500 
to 7,630 feet on the reference electrical log, Fig. 2). In Jefferson County the 
Amelia sand grades into shale downdip between the Amelia and Lovell’s Lake 
fields. 

MARINE MIDDLE FRIO 

This marine shale wedge (as indicated from depths 7,653-8,199 feet in refer- 
ence log, Fig. 2) representing the shale phase of deposition of transgressive- 
regressive seas, varies in thickness from 100 to 1,300 feet downdip. This shale 
member has a very rich faunal association including the following. 

Cyclammina sp. 

Haplophragmoides sp. 

Siphonina advena Cushman 

Ammobaculites nummus Garrett 

Bolivina mexicana Cushman 

Gyroidina scalata Garrett 

Uvigerina stephensoni Garrett 

Marginulina texana Garrett and Ellis 

Verneuilina mexicana Nuttall 

Bolivina alazanensis Cushman 

Nonion struma Ellis 
These species among those described as the ‘‘Hackberry assemblage” by J. B. 
Garrett,!* become abundant generally as far updip as the 400-foot isopach interval 
of the middle Frio. Farther updip occurrence of this faunal association is limited 
by the ecological condition of deposition. The individual species occur updip 
near the base of the middle Frio, rising downdip to the base of the upper Frio 
zone (Fig. 3). 

LOWER FRIO 

This is a marine sand and shale sequence below the middle Frio shale (indi- 
cated in reference log at 8,199 feet, Fig. 2), and above the Vicksburg formation. 
Updip this zone consists of four sand members with alternating shale. Downdip 
the individual sands pass into shales (Fig. 3). In the vicinity of the reference well, 
the lower Frio zone generally consists of three sand members, as on the reference 
log, 8,199-8,320, 8,470-8,535, and 8,650~-8,690 feet. The first sand of the lower 
Frio is the productive sand, locally known as the “‘Guiterman” or “Fontenot” 
sand in the South China field. This first sand is also the productive sand in 
the North Port Neches field. The third sand is commonly marked by the occur- 
rence of the foraminifer, Nodosaria blanpiedi Ellis, although in Orange County 


adult representatives of the species actually occur below the sand. 


12 Ed J. Hamner, “‘Amelia Oil Field,” Bal. Amer. Assoc. Petrol. Geol., Vol. 23, No. 11 (November, 


1939), P. 1652. 
18 J. B. Garrett, “Hackberry Assemblage—An Interesting Foraminiferal Fauna of Post-Vicksburg 
Age from Deep Wells in the Gulf Coast,” Jour. Paleon., Vol. 12, No. 4 (July, 1938), pp. 309-17. 
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There are exceptions to this general subdivision of the lower Frio zone, such 
as the following: Titanic’s Fontenot No. 1-C, Strake’s Pipkin No. 1, and Strake’s 
Phelan No. 1, all in Jefferson County. These wells seem to exhibit evidence of 
subaqueous gliding wherein the three sands generally found are consolidated 
into an over-all thin interval of this zone. This situation seems to be limited to a 
small area on the flank of structures. 

Below the sands of the lower Frio is a thick shale section which has been com- 
pletely explored by only a few wells in the district. Thus the data at hand are 
insufficient to define the nature of the Frio-Vicksburg contact. 


SECTIONS 


The location of the sections, as indicated on the index map, was designed to 
give the greatest coverage and the maximum use of available well control. Sec- 
tion AA (Fig. 4), composed of wells approximately on strike, is located along 
the line of flexure. Three dip sections, BB, CC, DD (Figs. 5, 6, 7), each uses a 
well in common with the strike section. These are drawn to show the change ina 
lithologic character of the zones both updip and downdip from the strike section. 
All of these electrical-log sections have a high degree of exaggeration of dip be- 
cause a short vertical range of great detail was desired over wide linear distance. 
Strike section AA is drawn on horizontal subsea-level depth datum, while the 
dip sections, due to the high exaggeration of the dip of the beds, have been con- 
structed as stratigraphic sections drawn on the Heterostegina zone datum. 


STRIKE SECTION AA (FIG. 4) 


This section extends from the Nome field, Jefferson County, northeastward 
including wells of the West Beaumont and North Vidor fields, across Orange 
County to Newton County. This section indicates the uniformity and linear 
distance along strike which this subdivision of the Frio might be applied. The 
massive sands of the upper Frio are readily apparent. The marine middle Frio 
zone is consistently uniform. The lower Frio consists of sands and shales with 
the Nodosaria sand as a correlative horizon. The Atlantic Refining Company’s 
Miller Vidor No. 1 is actually downdip from the true line of strike. 


DIP SECTION BB (FIG. 5) 


This dip section extends from the north line of Orange County south to the 
Port Neches dome. The Gulf Oil Corporation’s Caswell Trust No. 1, on the 
west flank of the dome, is projected into the section according to its structural 
position on the top of the upper Frio. North and updip from the Hinkle Drilling 


44 Subaqueous gliding may be defined as the local slumping of unconsolidated marine sediments 
down a dipping slope such that minor interformational unconformities might occur at the base of the 
slope. In the wells mentioned, the loss of the two thin shale members between the three sands of the 
lower Frio might be described as the depositional unconformity due to this gliding. See also 

R. W. Fairbridge, ‘Submarine Slumping and Location of Oil Bodies,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 30, No. 1 (January, 1946), pp. 84-92. 

A. W. Grabau, Principles of Stratigraphy (1924), pp. 660, 780. 

W. H. Twenhofel, Principles of Sedimentation, p. 530. 
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Fic. 5.—Dip section BB from north to south across western Orange County. Gulf Oil Corporation’s Caswell Trust No. 1 elec- 
d into line of section according to its structural position on top of Frio. Hinkle Drilling Company’s Miller 
Vidor field and Adcock No. 1 is discovery well of North Port Neches field. 
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Company’s Miller Vidor No. 1, the Marginulina fauna of the Anahuac formation 
is not fully developed; thus, the contact between the Marginulina sands and 
the upper Frio sands is questionable; therefore, the top of the upper Frio is 
based on electrical-log correlations. ; 

The upper Frio zone with its massive sands thins in projection downdip, 
decreasing toward the axis of the embayment, and then thins abruptly on the 
north flank of the Port Neches dome. The Texas Company’s Orange National 
Bank No. 5 (not shown in the section), on top of the dome, had no sands in the 
Frio, going from the Miocene sands into the middle Frio shale. 

The marine middle Frio, characteristically a marine shale wedge, thickens 
downdip into the embayment, and then thins on the north flank of the dome, 
combining with the shales of the lower Frio and the Vicksburg to form a sheath 
covering the dome. 

The lower Frio zone as projected downdip decreases its sand content to the 
axis of the embayment as indicated in the Atlantic’s Lutcher-Moore No. 1-D. 
The Nodosaria sand as correlated represents a distinctive horizon which merges 
with the first sand of the lower Frio on the north flank of the dome. As indicated 
by the Gulf Oil Corporations Caswell Trust No. 1, this sand pinches out on the 
flank of the dome. The wedging of this lower Frio sand accounts for production 
in the North Port Neches field. 


DIP SECTION CC (FIG. 6) 


This dip section extends from the north line of Jefferson County south, in- 
cluding a deep test in the West Beaumont field, an east outpost of the Amelia 
field, the discovery well of North Cheek field, two deep tests of Lovell’s Lake 
field, and a downdip wildcat well. The updip wells showing the massive charac- 
ter of the sands have limited fauna; therefore, correlations are based on interval 
and electrical-log characteristics. 

The upper Frio sands, as a whole, thin perceptibly downdip, but this loss in 
section is mainly due to the transition of Amelia sand into shale. The Humble 
Oil and Refining Company’s Pierson No. 1 indicates the feather edge along the 
downdip limit of the upper Frio sands. 

The marine middle Frio wedge is hardly apparent in the McCarthy’s Hanka- 
mer and Reed No. 1 and thickens gradually downdip, increasing to 1,300 feet. 

The lower Frio contains thick massive sands with thin shales updip which, 
when projected downdip, separate into three distinct sands. The Magnolia Pe- 
troleum Company’s Phelan No. 1 encountered a gas and salt-water flow (alike 
to reference log, Fig. 2), which no doubt reduced the sensitivity of the self- 
potential curve, thus obscuring the presence of sands in the lower Frio. 


DIP SECTION DD (FIG. 7) 
This dip section extends from the north line of Jefferson County south to the 
Nome field, southeast through the Gilbert Ranch field to include deep downdip 
wildcats. 
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The upper Frio contains massively bedded sands which thin abruptly south- 
east of the Gilbert Ranch field. The Amelia sand is indistinguishable from the 
other massive sands of the upper Frio, and the Cibicides hazzardi where present 
occurs below the upper Frio sands. 

The middle Frio wedge consists of 100-200 feet of shale _— its updip trace 
downdip to the Gilbert Ranch field (as indicated by the Sun Oil Company’s 
Nona Mills No. 1 of the electrical-log section DD), downdip from which the shale 
wedge thickens abruptly to 1,120 feet. 

In the updip position of this section, the lower Frio zone contains nearshore 
maximum sand development, and the Sun Oil Company’s Nona Mills No. 1 has 
a section like the reference log (Fig. 2). It is not believed that the Warren Pe- 
troleum Company’s Janes No. 1 reached the sands of the lower Frio zone. The 
Sun Oil Company’s Wingate No. 1 indicates the downdip limit of the sands of 
this zone. 

ISOPACHS 


To determine the practical application of the classification here described. 
isopach maps of individual zones have been drawn. The isopach interval was 
computed from the electrical log of each well, as circled on the respective isopach 
map. Where faulting was observed to intersect two wells in different zones, the 
amount of displacement was added to each zone. Where a zone appeared to be 
less than normal in thickness, and no displaced section could be identified, 
this difference was interpreted as stratigraphic variation. 


UPPER FRIO (FIG. 8) 


In general, the upper Frio zone indicates a thinning downdip from 1,100 feet 
to less than 200 feet in thickness. This general pattern is interrupted in the pres- 
ence of salt domes by a thinning on the flanks and crest of the dome. 

In central Orange County there is evidence of a deep re-entrant on the updip 
sides of Orange and Port Neches domes. In this area the thickness of the upper 
Frio zone decreases toward the axis of the re-entrant. The intradomal areas sug- 
gest great thickness of the zone. This is illustrated in the Shell Petroleum Com- 
pany’s Southern Production Company No. 1, which encountered more than 1,000 
feet of upper Frio zone as compared with less than goo feet of like interval in the 
wells in the North Port Neches field. 

A striking feature in northern Orange County is the apparent development of 
an offshore bar, trending northeast and southwest, including the North Vidor 
and Gist areas. There are not sufficient data at present to establish the amount 
and extent of the thinning updip beyond this apparent bar. 

In Jefferson County, it is not evident that the isolated steep bar and re-entrant 
are present, but rather that a wide flat bar exists. Significant variations occur 
on the south flank of this bar, as noted in the abrupt local thinning on the 
Lovell’s Lake, Gilbert Ranch, and Fannett structures. 
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Fic. 8.—Isopach map of upper Frio interval. Wells encircled penetrated this zone. 
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MIDDLE FRIO (FIG. 9) 


This map of the middle Frio shale wedge shows a thickening from less than 100 
feet to greater than 1,300 feet downdip. North and updip from the trend of Amelia, 
North Vidor, and Gist structures, the interval is very erratic and variable, indi- 
cating the crest of the flexure, while downdip from this trend the interval in- 
creases in a short distance. 

In Orange County, the re-entrant is again observed on the updip side of 
Orange and Port Neches domes. In this re-entrant the middle Frio zone reaches 
its great thickness, thinning as it rises on the north flanks of the domes. Here 
also the intradomal areas are suggestive of great thickness. 

In Jefferson County, the structures of Spindletop, Lovell’s Lake, and Gilbert 
Ranch indicate distinctive thinning of the normal interval. In the South China 
field, there are two areas of production; the ““Guiterman” at the north and the 
“Fontenot” at the south, both producing from the first sand of the lower Frio zone. 
In this field, it is interesting to observe the variations in the thickness of the 
middle Frio zone. In the “‘Guiterman” area, this zone in the producing wells vary 
from 205 to 283 feet in thickness, thus enclosed by a 300-foot isopach interval. 
A dry hole between the ‘‘Guiterman” area and the ‘“‘Fontenot” at the south has 
an interval of 313 feet. In the “Fontenot” area, the producing wells vary from 
440 to 510 feet in this interval. Adjoining dry holes have an interval in excess of 
500 feet to as much as 614 feet. The highest structural wells in each area also 
seem to have the thinnest interval in the marine middle Frio zone. It is possible 
that these two areas are separated by a normal fault downthrown toward the 
south, which was accompanied by submarine slumping which might also account 
for the abnormal, compressed, constricted lower Frio zone in the Titanic’s Fonte- 
not No. 1-C. 


UPPER AND MIDDLE FRIO TOTAL INTERVAL (FIG. 10) 


This is a composite of the total interval from the top of the upper Frio to the 
top of the lower Frio. This over-all interval of the two separate zones indicates 
in general a thickening from 700 feet to approximately 2,000 feet downdip. 

In Orange County, the outstanding feature is the re-entrant on the updip side 
of the salt domes. The North Port Neches area shows a definite nosing from the 
Port Neches dome. 

In Jefferson County, the flat bar is still evident with the isopach interval 
thickening rapidly on the downdip flank. A re-entrant is again in evidence between 
Fannett and Lovell’s Lake areas. 

As few wells in this area have been drilled either to the Vicksburg formation 
or to the occurrence of Textularia warreni, there are insufficient data for the con- 
struction of an isopach map of the lower Frio zone. 


PALEONTOLOGY 


Diagrammatic dip sections have been constructed to integrate the available 
paleontological data with the lithology of the electrical log, to determine the re- 
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lationship of the occurrence of foraminifera with the sand bodies, and to recognize 
those assemblages best suited for the purpose of correlation. The occurrence of 
the sands shown by stippling was taken directly from the electrical-log dip sec- 
tions. By diagrammatic dip sections, it was possible to reduce the exaggeration 
of dip necessary in the construction of the electrical-log sections. The depth at 
which microfossils were found is indicated by a small circle at the well depth. 


UPPER FRIO 


Cibicides hazzardi is generally indicative of the upper Frio. This species from 
updip to downdip, transgresses from first occurrence in the marine middle Frio 
zone, rising nearly to the top of the Amelia sand in its type field, and ultimately 
nearly to the top of the upper Frio in its downdip limit. 


MIDDLE FRIO 


Downdip, this zone contains a very abundant and diagnostic fauna, described 
as the “Hackberry assemblage.” Cyclammina and Haplophragmoides seem to 
extend farther updip into the neritic facies than the more typical marine forms 
of the Hackberry assemblage. It is not necessary to include here the entire list of 
Hackberry species, already so well described by J. B. Garrett.'® Of this assemblage 
certain interesting observations can be made from a study of these sections: (1) 
two forms of Ammobaculites occur, with Ammobaculites nummus ranging as low 
as 500 feet below the upper species as in Smith and Gilbert’s Williams No. 1, 
Orange County; (2) of these Hackberry species, the following seem to be the most 
widespread and abundant: Gyroidina scalata, Marginulina texana, Bolivina mexi- 
cana, Nonion struma, Haplophragmoides, and Cyclammina. 


LOWER FRIO 


In updip localities, the first occurrence of the Nonion struma is in the shale 
above the first sand of the lower Frio. But downdip, this species rises in the shale 
section with increasing interval to the first sand below. 

Nodosaria blanpiedi is the most distinctive foraminifera of this zone, but it 
has caused confusion because it occurs in two varieties at different horizons. 
The upper form isa rare miniature variety, while the lower is the abundant typi- 
cal adult form. In the Hinkle Drilling Company’s Langham No. 1, Orange County, 
the interval between these forms is nearly goo feet. The typical Nodosaria blan- 
piedi commonly occurs with or below the third sand of the lower Frio zone, herein 
called the Nodosaria sand. 


PALEONTOLOGICAL ZONATION 


The position of microfaunal assemblages in the lithologic complex is one of 
transitional trend as traced downdip. Regionally, the individual species can not 
be considered as diagnostic of a particular sand member. But locally, the occur- 


1 J. B. Garrett, op. cit. 
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rence of microfauna might be recognized as indicative of a correlative lithologic 
unit. 

The transitional trend of microfaunal assemblages, traced from updip to down- 
dip, progresses across lithologic units. This progression is from older to younger 
members of the section. As the sands were deposited by the regression and trans- 
gression of the seas, the sands actually become younger in age with the direction 
of movement of the seas. Therefore, as the occurrence of microfauna might be 
considered depicting a limited time interval, the resulting divergence between 
these fauna and lithologic horizons becomes apparent downdip. 

Ecologically, the deposition of the massive sands updip limited the pres- 
ence of the fauna, which become more abundant in the marine section downdip. 

Examples of the transgression of microfauna across lithological zones, rising 
with divergent interval gulfward, as indicated in the diagrammatic sections, are 
the following. 


Cibicides hazzardi (Sections BB, CC) (Figs. 11, 12) 
Gyroidina scalata (Section BB) (Fig. 11) 

Bolivina mexicana (Sections BB, CC) (Figs. 11, 12) 
Marginulina texana (Sections BB, CC) (Figs. 11, 12) 
Haplophragmoides sp. (Section CC) (Fig. 12) 
Ammobaculites sp. (Section DD) (Fig. 13) 


SEDIMENTATION-MICROFAUNA RELATIONSHIP 


The transgression of microfaunas across lithologic units is a significant feature 
of the stratigraphy of the Frio. Figure 3 illustrates this feature. The diagram- 
matic dip section drawn from north to south through eastern Jefferson County, 
indicates the lithologic character from the electrical-log dip sections, the sequence 
of microfaunas from the diagrammatic dip sections, and the data from the 
reference well. The vertical position of these wells in this diagram is based on the 
occurrence of Cibicides hazzardi. If a horizontal line is assumed for the occur- 
rence of the Cibicides hazzardi, which has a limited vertical range and a wide 
horizontal distribution, this plane represents a time or stratigraphic datum. 

This diagram illustrates the complex lithologic character of the Frio forma- 
tion. Updip (north) massive sands of the upper Frio merge with sands of the 
lower Frio, for the middle Frio has reached its approximate updip limit. This sec- 
tion has a limited fauna. Tracing these zones downdip, the marine middle Frio 
thickens in a short distance as the sands of the upper and lower Frio grade into 
shale. At the downdip limit of the area, nearly all the Frio formation is marine 
shale, with only remnants of the upper Frio and lower Frio sands remaining. 

The occurrence of Cibicides hazzardi progresses successively from the second 
sand to the first sand of the lower Frio; to the middle Frio; to the top of the 
Amelia sand; and finally to the base of the upper Frio zone. Likewise, Nonion 
struma and Bolivina mexicana cross from the lower Frio into the middle Frio. 
Other species of the “(Hackberry assemblage” seem to be restricted to marine 
shale of the middle Frio. Significantly, the Nodosaria blanpiedi maintains its rela- 
tive position with respect to the top of the lithologic lower Frio zone. 
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It is questionable that the projected trace of Cibicides hazzardi would trans- 
gress directly across the thick massive Amelia sand, as indicated in the diagram, 
between the Stanolind Oil and Gas Company’s Keith and Dowling No. 2 and the 
Crown Central’s Hunter No. 1. As this foraminifer is generally found either in the 
shale above or the shale below the Amelia sand, it suggests that the actual occur- 
rence of this foraminifer moves downdip and higher in the section around the 
downdip extremity of the Amelia sand. 


PROGRESSIVE OVERLAP 


Grabau,'® describing the characteristics of regressive deposits, states: 


As each formation or bed passes shoreward into coarser clastic it is evident that the 
shore ends of all the formations deposited during the retreat will together constitute a 
stratum of sandstone or conglomerate which in age rises seaward, since in that direction 
it is progressively composed of the ends of higher and higher formations. 

Thus the sand ends of all the beds will be exposed at or just above sea-level, and con- 
stitute a continuous sand formation, which however, is not of the same age at any two 
points along a line transverse to the direction of the shore. Such a sand formation will, 
however, be mapped as a unit, and receive a formational name. If the basal portion of 
such a sand is fossiliferous, it will contain in a seaward direction the fossils of successive 
higher formations. 

Malkin and Echols!” have illustrated the application of compound features 
of regression and transgression, showing diagrammatically the trend of facies 
across time lines. 

These compound features of marine sedimentation are evident in the history 
of Frio stratigraphy. The transitional occurrence of microfauna across lithologic 
units as traced downdip, suggests the direction of the movement of the seas and 
the relationship of the position of the shore line with the ecology of deposition. 
Thus as each of the lithologic units can be traced in detail, then each represents 
a constant ecology following the movement of the seas. Nodosaria blanpiedi 
marks the regressive sea after Vicksburg time; the ‘“Hackberry assemblage” is 
distinctive of the transgressive middle Frio seas; Cibicides hazzardi marks the 
regressive sea after middle Frio; and finally the Marginulina fauna is associated 
with the transgressive sea following upper Frio time. The basal part of the lower 
Frio, particularly in the southern part of the area, is the same lithologically as the 
underlying Vicksburg and the overlying marine middle Frio. The upper part of 
the lower Frio, however, in most of the area contains abundant sands which were 
deposited during a condition of uniform shallow depth of water, and of sorting 
of the clastics which is intermediate in time between the regression of the deeper 
Vicksburg sea and the transgression again with deeper water through the area 
of the marine middle Frio seas. A similar condition took place after the deposition 
and regression of the marine middle Frio and the transgression of the Anahuac 


16 A. W. Grabau, ‘‘Principles of Stratigraphy,” p. 734. 

17 Doris S. Malkin and Dorothy Jung Echols, ‘‘Marine Sedimentation and Oil Accumulation. 
II: Regressive Marine Offap and Overlap-Offlap,” Bull. Amer. Assoc. Petrol. Geol., Vol. 32, No. 2 
(February, 1948), p. 255. 
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seas, and in this latter interval the upper Frio was deposited throughout the area 
in the form of a series of sands, which condition was prevalent throughout the area 
excepting that there was very great thinning toward the southern end and over 
some of the piercement dome uplifts. 


CONCLUSIONS 


This study describes the stratigraphy of the Frio formation. The classification 
here presented applies only to the area involved, and as further work is done in 
adjoining areas, additional factors and variations will surely be recognized. In 
summary, the following results are enumerated. 

1. Lithologically, the Frio can be subdivided into upper massive sands, middle 
shale wedge, and lower sands and shales. 

2. The paleontological associations are Cibicides hazzardi with upper Frio, 
“Hackberry assemblage” developing in marine shale wedge, and Nodosaria 
blanpiedi associated with the sands of lower Frio. 

3. Faunal occurrence, projected downdip, crosses lithologic zones and rises 
stratigraphically with transgressive sands and becomes lower stratigraphically 
with regressive sands. 

4. Marine depositional environments are evident in each zone as the bar in 
upper Frio and re-entrants in middle Frio zones. 

5. Local thinning of zones is apparent over structures. 

6. Subdivision of Frio formation, as basis for structural interpretation, de- 
fines accurately the normal interval of each zone for fault determination. 

7. Depositional factors of regressive-offlap and transgressive-onlap sands are 
recognized. 

It is hoped that this study will stimulate further research in adjoining areas 
so that the complete stratigraphic history of the Frio formation may be known. 
Such a study will no doubt disclose additional stratigraphic and structural clos- 
ures, which should be as prolific in the production of petroleum as those now pro- 
ducing. 
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SEDIMENTARY TECTONICS AND SEDIMENTARY 
ENVIRONMENTS! 


W. C. KRUMBEIN, L. L. SLOSS, anp E. C. DAPPLES? 
Evanston, Illinois 
ABSTRACT 


The tectonic framework of sedimentation—basins, geosynclines, neutral areas, and positives— 
largely controls the distribution of sedimentary environments by its control of source areas, strand 
lines, and bathymetric zones. A major problem in distinguishing tectonic elements and tectonic in- 
tensity arises from the interplay between contemporaneous depositional subsidence, and intermittent 
uplift and erosion; and a major problem in evaluating environmental control arises from the time 
factor in the passage of sedimentary particles through the depositional interface. These problems and 
possible solutions are discussed in terms of a hypothetical cycle of deposition, in which tectonism, 
environment, and biological agencies are integrated in terms of their effects on the accumulation of 


sediments. 

As a practical means of interpreting and designating the distribution of environments during a 
stratigraphic interval, a tectono-environmental classification is proposed, which includes groups of 
associated environments placed within a framework of increasing tectonic intensity. It is seen that 
the environmental impress on the sediments diminishes as a function of increasing tectonic intensity. 


INTRODUCTION 


Concepts of sedimentary tectonics and sedimentary environments are impor- 
tant both in academic and applied fields of geology, because of their significance 
in the interpretation of sedimentary characteristics. The parallel growth of these 
subjects, plus advances in conventional stratigraphic analysis, and in under- 
standing of the tectonic framework of sedimentation, has shown that sediments 
respond to a variety of controls; but it has also raised questions involving the rela- 
tive importance of the several factors in the composite picture. 

In part, diversity of opinion arises from differences in the method of ap- 
proach, and in part, from differences in the stratigraphic units or geographic areas 
studied. The concept of the sedimentary environment as an important agent in 
controlling sedimentary properties arose largely from the study of recent sedi- 
ments, where the relation between geologic agents and sedimentary properties 
can be investigated. Sedimentary tectonics, on the other hand, developed from a 
study of ancient sediments, and stemmed from the observation that geosynclines 
have not only thicker deposits than the continental interior, but they differ from 
them also in their gross lithological characteristics. 

The observable response of sedimentary characteristics, especially of ancient 
sandstones, to contemporaneous tectonism, has led some workers to discount 
the environment as a mere ephemeral accompaniment to a more fundamental 
set of controls. The student of recent deposits, on the other hand, sees a veneer 
of sediments respond to chemical and physical conditions of the depositional 
site, and questions whether tectonism may not simply shift this environmental 
pattern through time and space. The stratigrapher, faced with the problem of 


1 Read before the Association at St. Louis, March 17, 1949. Manuscript received, June 20, 1949. 


2 Department of geology, Northwestern University, Evanston, Illinois. The writers are indebted 
to the Graduate School, Northwestern University, for funds supporting this research. 


1850 


| 

= J 


1860 W. C. KRUMBEIN, L. L. SLOSS, AND E. C. DAPPLES 


carrying correlations over wide areas, must take account both of changing en- 
vironments and contemporaneous tectonism. The oil geologist, in his study of 
local structures, must decide whether they are due to contemporaneous structural 
growth, or to intervals of deposition punctuated by warping and erosion. The so- 
lution of such problems also involves both depositional environments and tec- 
tonism. 

The purpose of the present paper is to examine problems of tectonism and en- 
vironment in the light of recent advances in the study of these subjects. The the- 
sis is presented that sediments are a response to the simultaneous operation of 
several processes; and that criteria are available for evaluating any stratigraphic 
section in terms of the interplay among environment, contemporaneous tectonic 
activity, lithologic associations, and erosional intervals. In cases in which ero- 
sional intervals are minor, contemporary tectonism plays a leading part, but not 
always a dominating part. 

Discussion of environment and tectonism must take into account the fact 
that whereas every sediment by definition was deposited in some kind of en- 
vironment, it is not necessarily true that contemporary tectonic activity was al- 
ways present. The latter must be demonstrated from available evidence, to elim- 
inate instances of alternate deposition and local erosion, as well as the effects of 
buried topography. That subsidence is required for the accumulation of sedi- 
ments was demonstrated by Barrell (1917); but such subsidence may be con- 
tinuous or discontinuous, and which is true in any case must depend on the evi- 
dence. 


CRITERIA FOR TECTONISM 


Half a dozen features require consideration in the reconstruction of tectonic 
events. The stratigraphic unit selected for study must have a definable top and 
bottom, which may be chosen on the basis of limiting unconformities, faunal 
characteristics, or lithologic changes. The unit itself must be carefully examined 
for smaller hiatuses within the section, and if present, their magnitude evaluated 
in areal extent, and in terms of the vertical gap represented. The lithologic and 
faunal characteristics of the stratigraphic units require detailed examination as 
do their variations vertically and laterally within the unit. Finally, three features 
of the bounding surfaces of the stratigraphic unit must be evaluated, as Kay 
(1945) has emphasized. These are (1) the present form of the lower datum sur- 
face (present structural configuration); (2) the form of the lower datum as dep- 
osition progressed (contemporaneous subsidence); and (3) the surface of deposi- 
tion during the accumulation of the stratigraphic unit (the bathymetric relations 
of the sea bottom). 

Inasmuch as the important point of contemporaneous tectonism must be 
firmly established, Kay’s three features may be considered first. With respect to 
the Pennsylvanian, for example, the present attitude of the base of the system 
(or of any selected part of it) shows some areas of synclinal downwarp, others of 
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anticlinal uplift, and still others of essentially horizontal position. Are the non- 
horizontal structural attitudes entirely a result of post-depositional warping? 
If not, how much of the present attitude may be attributed to subsidence or up- 
lift contemporaneous with deposition? Closely related to this question is another: 
how much of the present observed variation in thickness of the deposits is due 
to greater accumulation in local areas during subsidence, and how much is due to 
differential compaction, or to stripping of upwarped portions? 

Criteria are available for choosing among the alternatives, provided sufficient 
surface and subsurface data are at hand. An isopach map, combined with cross 
sections of the stratigraphic unit, discloses whether smaller units within the 
larger unit thicken and thin across the area. These changes in thickness may be 
due to erosional hiatuses, to original buried topography, or to contemporaneous 
tectonic activity. 

Criteria have been developed which are helpful in locating hiatuses in the 
subsurface, and they have been described elsewhere (Krumbein, 1942). Not all 
are reliable as unquestioned evidence of non-conformable relations, however, be- 
cause many of the features also occur in strictly conformable sequences. Many 
unconformities on the thin outcrop belt seem to vanish in the thickened subsurface 
sections. Simultaneously with the thickening, the faunas become transitional 
vertically. 

Failure to recognize hiatuses in detailed subsurface studies leads to serious 
errors in interpretation. Under conditions of uniform sedimentation followed by 
local uplift and erosion, the cross section shows thinner intervals on structure, 
where parts of the deposit have been stripped away. The cross section therefore 
may show the same kind of relative thickening and thinning as is shown by a sec- 
tion developed under conditions of contemporaneous tectonism. 

The presence of hills and valleys in the original topography may have a strong 
influence on the attitude and thickness of succeeding deposits. Many instances 
of such buried topographic effects have been described (Lee, 1943; Wilson, 1948). 
Sediments deposited over an irregular surface adjust themselves by developing 
initial dips on the slopes, and by filling the intervening valleys before the hills 
are buried. Hence, some sections show not only thinner sections on structure, 
but inclined strata along the sides, much like a folded anticline. In general 
the effect of the original topography diminishes upward, and theoretically, once 
the intervening valleys are filled, the depositional surface should be essentially 
horizontal, except for the effects of differential compaction. In cross section this 
would be indicated by an increase in steepness of the structure with depth. 

Within the range of thicknesses affected by buried topography, the beds may 
all be strictly conformable, thus leading to cross sections similar to those produced 
by local contemporaneous tectonic activity. The identification of buried topo- 
graphic features depends on a close analysis of detailed sections, and on a close 
analysis of textural and other features of the lowermost sediments in contact 
with the old surface. The recent reconstruction of buried topography by Wilson 
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(1948) illustrates the detail with which such phenomena may be examined. 

The common occurrence of sand on structure, grading into shale on the flanks 
has led to the inference that much structural relief is produced by differential 
compaction of the shales after burial. If depositional conditions were such that 
sand accumulated on the tops of buried hills, with mud accumulating in the ad- 
joining valleys, subsequent burial would result in the muds suffering more com- 
paction than the sand. As a consequence, the original dip of the beds would be 
accentuated by differential compaction. Moreover, the process could theoretically 
continue through a considerable vertical section, as subsequent beds of mud be- 
come compacted on burial. Many of the local structures in the Mid-Continent 
area of Kansas and Oklahoma have been assigned to such causes by some writers. 
McCoy (1934) considered the evidence for differential compaction in the Mid- 
Continent, and concluded that its effect was relatively minor in many instances; 
and that the occurrence of thin sections on structure above uniform intervals 
could not be explained by a continuation of the process. 

As subsurface data accumulate, it becomes increasingly clear that structural 
features may be developed by each of the processes described. There is abun- 
dant evidence for deposition over buried hills, and for local or regional warping 
and erosion after deposition, as well as for contemporaneous structural growth 
during deposition. Differential compaction as a cause of structures is generally 
considered a secondary feature, which may accentuate structural attitudes de- 
veloped by other means. 

In addition to thinned intervals on structure without observable hiatuses, 
some intervals are uniform in thickness over the structure, but display marked 
lithologic changes on structure. It is not uncommon to find clean sand at the crest, 
grading into shale on the flanks, but without significant change in thickness. 
Moreover, such occurrences are superposed through a succession thicker than 
that required for burial and obliteration of topographic effects. It is difficult to 
explain such occurrences either by draping of sediments over earlier structures, 
or by differential compaction; and the absence of thinning argues against ex- 
posure and local erosion. Rather, they suggest a continuous differential subsidence 
of the structure, maintaining shallower waters on the crest which accumulated 
coarser and better sorted sediments than the surrounding deeper waters. This 
may be punctuated by upward pulsations on structure, or by intervals of sta- 
bility, resulting on the one hand in thinning on structure, through erosion or non- 
deposition; or, on the other, in the deposition of a blanket type of deposit over 
the structure and surrounding area. In specific instances the stratigraphic column 
must be examined for these and other conditions in any combinations. 

The case for regional subsidence in broad basin areas is more readily demon- 
strated than for local structures. Contemporaneous subsidence in the principal 
geosynclinal areas has been accepted since the time of Hall and Dana; and its 
occurrence in intracratonic basins is cited by numerous writers for many areas. 
The application of appropriate tests for contemporaneous tectonism thus permits 
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answer to Kay’s second point: that in some instances the bottom surface of the 
stratigraphic unit was warped down during deposition. 

The third of Kay’s points, which relates to the attitude of the depositional 
surface during deposition, is a question of water depth during sediment accumula- 
tion. This point may be examined in terms of several criteria. Fossil indicators of 
depth are important in establishing shallow- and deep-water conditions; and the 
lithology of the sediments sheds considerable light on this question by the pres- 
ence or absence of ripplemark, mudcracks, and the like. Kay (1945) cites a hypo- 
thetical instance which well illustrates the manner in which thickness, lithology, 
and faunal content permit narrowing of the interpretation. Studies by many 
workers have shown that the great bulk of sediments now exposed on the conti- 
nent were deposited in shallow water. Barrell (1917) demonstrated that in re- 
gional terms, the surface of deposition may be considered essentially horizontal 
in many of the ancient seas. Moore (1929) concluded that the widespread seas 
of the Mid-Continent Pennsylvanian probably did not exceed 200 feet in depth; 
and Elias (1937) cites evidence for a maximum depth of about 180 feet during 
Permian time in Kansas. Considering the great areal extent of these seas, it is not 
improper in most regional studies to use a horizontal datum at the top of a de- 
positional sequence, to demonstrate the concurrent attitude of the base of the 
stratigraphic unit. 

Tn local studies it is important to consider depth changes in more detail, and 
close studies of depth-indicators in lithologic composition or in faunal content 
are necessary, as in the parallel case for local contemporaneous tectonism. 


CRITERIA OF SEDIMENTARY ENVIRONMENT 


It is a paradox that although the presence of an environment is self-evident 
from the occurrence of a sediment, the reconstruction of that environment is 
much more difficult than the reconstruction of contemporaneous tectonism. It is 
possible from an examination of a stratigraphic section to group the sediments 
into units indicative of certain broad tectonic conditions, as shelf associations, 
basin associations, ef cetera. A degree of tectonism ordinarily occurs for a long 
enough time in any area to impress its characteristics on the stratigraphic column; 
but during this time the environment may pass through many phases. 

Methods have been developed for expressing the lithologic, biologic, and 
tectonic aspects of a stratigraphic unit in terms of lithofacies, biofacies, and 
tectofacies (Sloss, Krumbein, and Dapples, 1949). Equally satisfactory methods 
for expressing sedimentary environment are not yet available, although some 
progress has been made. The difficulty in evaluating ancient environments stems 
from at least two causes. First, not enough is known about the details of modern 
environments to permit generalizations about the expected variations in ancient 
sedimentary patterns for alluvial plains, littoral zones, shallow neritic environ- 
ments, and the like. Second, the geographic pattern of environments changes 
through time, so that a three-dimensional expression of environment involves 
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evaluation of the rapidity and direction of the change. 

Inasmuch as finite thicknesses of rock must be used in regional or local stud- 
ies, the problem of environmental reconstruction becomes one of expressing the 
section in terms of a specific environment, a dominant environment, a character- 
istic association of environments, or an ‘‘average” environment. In some in- 
stances this may be done with assurance. An evaporite basin with alternations 
of limestone, dolomite, and gypsum, and with characteristic assemblages of nor- 
mal and aberrant faunas, permits fairly clear reconstruction of the flow of en- 
vironments through the time represented by the stratigraphic column. A Pennsyl- 
vanian cyclothem, on the other hand, comprising marine and non-marine beds 
and including such divergent deposits as coal and fusulinid limestone, presents a 
much more difficult problem of expressing any dominant or average environ- 
mental condition. 

Additional complexity in evaluating environment lies in the different lengths 
of time during which environmental agents may operate on the sediments before 
final burial. Barrell (1917) has shown that deposition occurs only when base level 
rises to permit accumulation of sediments to its surface. Baselevel may be deter- 
mined by the effective depth of wave or current action; and when it remains 
stationary, the detritus on the surface is shifted here and there until it reaches 
some area below the depositional baselevel. Under stable shelf conditions the 
slow rate of subsidence means that the environmental agents may operate on the 
material long enough to impress their characteristics fully on the sediment 
in terms of textural and other features. On the other hand, in a rapidly subsiding 
basin or geosyncline the time available for sorting action is limited by the rapidity 
of burial, so that the environmental impress is much lighter. 

As a consequence, beach sands formed on a stable shelf show all the attributes 
of typical quartzose sands, such as good sorting, good rounding, cross-bedding, 
and the like. Beach sands formed along the strand line of a more rapidly subsiding 
area may be poorly sorted subgraywacke sands, difficult to recognize as typical 
beach deposits. In the first instance the reconstruction of the environment gen- 
erally narrows itself to a choice between beach and dune deposits (as in the St. 
Peter sandstone of the upper Mississippi Valley); whereas in the second instance 
it may not be possible to choose between alluvial and beach environments in 
the absence of contributory faunal evidence. An example of the latter may be 
seen in the Bartlesville shoestring sands, which have been interpreted both as 
stream-channel deposits and beach deposits. The linear form apparently fits 
either case. The Bartlesville sand occurs in a cyclical sequence which suggests 
either unstable shelf or basin margin conditions. 

It is evident that criteria for distinguishing environmental groups must be 
threaded through the lithologic associations controlled by contemporary tecton- 
ism. Some environments may occur anywhere with respect.to the tectonic frame- 
work, whereas others may be confined to certain elements of the framework. The 
strand line, in general, may occupy any position over a shelf area or even within 
a geosyncline; whereas a restricted environment of persistent evaporite deposition 
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is probably always associated with tectonically or biohermally controlled basin 
environment. If the strand line lies on a stable shelf area, it may occupy a narrow 
geographic zone for considerable intervals of time. If it lies on an unstable shelf, 
it may fluctuate widely to and fro. In a geosyncline the strand may either fluc- 
tuate, or it may show a systematic retreat as the geosynclinical deposits displace 
the strand toward the craton. 

In contrast to the environmental shift from marine to continental phases 
which occurs when the strand line fluctuates across an unstable area, one may 
consider the neritic environment on an unstable shelf. If the oscillations are not 
great enough to displace the sea, the environment may remain neritic throughout, 
with simply a change in water depth as the oscillations occur. Such changes may 
bring with them changes in the depth-sensitive faunal elements; or they may be 
evidenced by alternations of shale and limestone. In short, when the factor of 
contemporaneous tectonism is combined with the environmental influence, it 
becomes possible to discern systematic environmental changes associated with 
certain tectonic influences. 

These intimate relations between tectonism and environment suggest com- 
bined tectono-environmental classifications of sediments. Such classifications 
attempt to associate typical environments with certain broad tectonic areas, to 
indicate the dominant type of sediments which may occur within the tectonic 
framework. 

TECTONO-ENVIRONMENTAL CLASSIFICATIONS 


Tercier (1940) was among the first to set up a classification of tectonically 
controlled environments. He recognized five classes, as follows. 


t. Areas of continental sedimentation on the continental platform. These include alluvial, 
lacustrine, glacial, etc. 

2. Areas of the continental platform with paralic sedimentation, i.e., interfingered marine and 
continental sediments. Here are included alluvial, lagoonal, littoral, and shallow neritic 
environments. Coal cyclothems are typical of this group. 

3. Areas of epicontinental marine sedimentation on the continental platform. Non-clastics 

dominate, as in the early Paleozoic of the Mississippi Valley. 

. Areas of geosynclinal sedimentation, with typically thick and heterogeneous accumulations. 

. Areas of deep-sea oceanic sedimentation. Here are included exclusively marine siliceous and 

organic chemical sediments in abyssal depths remote from land. 


More recently, Pettijohn (1949) developed a classification of environments, 
with the following groups. 


1. Basins of tectonic origin. 
A. Geosynclinal downwarps, with orogenic sedimentation, including marginal and axial facies. 
B. Epeirogenic downwarps, which include shelf seas and basins freely connected with the 
oceans; basins restricted and connected with the oceans by narrow inlets or shallow thresh- 
olds; and isolated basins, with no connection with the sea. The restricted basins yield 
black shale facies in humid areas, evaporites in arid conditions. 
C. Post-geosynclinal fault troughs with terrestrial sediments. 
2. Non-tectonic basins, which include gradational and volcanic deposits. 
3. Permanent deep-sea basins, with bathyal and abyssal deposits. 


Both Tercier’s and Pettijohn’s classifications set the environments within 
their fundamental tectonic framework, and hence include the effects both of the 
sedimentary environment itself and the contemporaneous tectonism which sets 
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the stage for the depositional cycle. The writers have proposed a tectonic classi- 
fication (Dapples, Krumbein, Sloss, 1948) which recognizes several typical as- 
sociations of sediments developed under a range of tectonic conditions from essen- 
tial stability (slow and relatively slight subsidence), to the more orogenic move- 
ments of geosynclinal and arkose basin sedimentation. It was pointed out that 
practically any kind of environment can occur under any of the tectonic condi- 
tions, and that its effectiveness in controlling sedimentary properties was a 
function in part of rate of burial. 

In order to weave the environmental aspects more closely into the tectonic 
classification, a tectono-environmental classification is designed for sedimentary- 
stratigraphic work involving finite thicknesses of rocks. The common occurrence 
of sediments which show evidences of interbedded, intertongued, and inter- 
gradational deposits of more than one environment, suggests the grouping of 
associated environments for stratigraphic analysis, rather than specific environ- 
ments, which usually can not be identified except under optimum conditions. The 
typical association of fluvial, lacustrine, and eolian sands and shales in continental 
sections, with sporadic thin-bedded or nodular fresh-water limestones suggests 
a grouping of these three environments under differing conditions of contem- 
poraneous tectonism, such as their occurrence on shelves, in intracratonic basins, 
and in geosynclines. Similarly, the common association of fluvial, lagoonal, 
littoral, and shallow neritic sediments in the transition zone between dominant 
continental and marine beds suggests such a group as an intermediary, also con- 
sidered in terms of contemporaneous tectonism. Finally, several subdivisions of 
the neritic environment are possible, to afford a spread of environmental associ- 
ations from one extreme of depths to another. Where the data support specific 
environmental interpretation, or as knowledge increases, more refined subdivi- 
sions are possible. 


PROPOSED TECTONO-ENVIRONMENTAL CLASSIFICATION 
CONTINENTAL (FLUVIAL-LACUSTRINE-EOLIAN) ENVIRONMENT 


The general characteristics of this group of environments includes the mutual 
operation of streams and wind on alluvial plains (piedmonts, broad deltaic plains, 
wide stream valleys, et cetera), combined with the occurrence of lakes and ponds, 
some with restricted circulation, others along the main channels. In such a com- 
bination environment the variety of sedimentary deposits may be large, but in 
general they are characterized by gray, brown, yellow, red, maroon, or white 
color, partly as a function of the oxidizing conditions and climatic features of 
the depositional area. The sandstones are commonly lenticular, with local con- 
glomeratic zones, although sheet sands also occur. The shales are commonly 
massive or poorly bedded, with clay shales typical; they may be micaceous or 
carbonaceous, but few are calcareous. The limestones are subordinate, nodular 
or concretionary, here and there irregularly thin-bedded, with dense or uneven 
sugary texture, and are of the “fresh-water” type. Fossils may be locally abun- 
dant but are probably poor in the number of species represented. Plant impressions 
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may be common in the sandstones, and coaly or lignitic beds may be present. 

The characteristics of the specific sediments which occur in this combination 
environment depend in part on the tectonic intensity in the depositional site. 
On stable shelves the sandstones are most commonly quartzose, and may include 
quartz-iron oxide, quartz-muscovite, or feldspathic quartzose varieties. The 
Entrada sandstone of the Colorado Plateau area is an example. Shales are com- 
monly massive to poorly bedded claystones, commonly mottled. Limestones 
may be present as thin lenticular light-colored beds. Toward the source area the 
sands may dominate; over large areas the clay shales are dominant; and lime- 
stones are everywhere subordinate as far as known. 

In less stable depositional environments, as on the unstable shelf, the sand- 
stones tend to be poorly sorted, and are subgraywackes, with mica, and carbona- 
ceous flakes; vertebrate bones and plant impressions are more common. The 
basal sandstones of Carbondale and McLeansboro cyclothems in Illinois are 
examples. Local occurrences of ‘‘channel sands” are thicker and cleaner than 
more widespread varieties. The shales change to siltstones, commonly micaceous 
and carbonaceous, although claystones are also present. Limestones are mainly 
dense nodular, with some localized thin-bedded lenses. Such limestones also 
occur in the lower parts of Illinois cyclothems. Lignitic or coaly zones are more 
prominent than in the stable shelf occurrence. 

In intracratonic basins, with more marked subsidence than on shelf areas, 
the rate of burial is more rapid, the sediments are increasingly poorly sorted, 
and the sequence is thicker than on the shelf. Alternations of subgraywacke 
sandstone and silty shale in monotonous sequence, interrupted by lignitic beds 
and a few prominent nodular algal and massive limestones, are typical. The 
Bridger and Green River of Wyoming furnish examples. Some arkose wedges 
may occur in basin associations, giving rise in this environmental complex to typi- 
cal associations of reddish arkosic sandstone and conglomerate, kaolinitic shales 
and very subordinate dove-colored types of non-marine limestone. 

In the geosyncline this combination of environments occurs when deposition 
is more rapid than subsidence, so that the strand-line retreats and broad alluvial 
plains or deltaic tongues are formed, as in late Ordovician and late Devonian of 
the Appalachian area. The over-all aspect of the sediments is similar to the 
less intense tectonic stages, but the sands are true graywackes with subordinate 
subgraywacke. Conglomerates may be common and locally form linear bodies of 
considerable thickness, as in the Frontier of westernmost Wyoming. The shales 
are commonly chloritic or feldspathic, and may range from massive clay shales 
to coarse sandy siltstones. Fresh-water limestones may locally form rather thick 
lenticular bodies, commonly thin-bedded and irregular. 


TRANSITIONAL (FLUVIAL-LAGOONAL-LITTORAL) ENVIRONMENT 


This group of environments includes the transition from continental to marine 
deposition, ranging from alluvial plains and stream channels through lagoon- 
fringed shores to barrier beaches and shallow nearshore waters; or portions of del- 
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taic complexes; or the transition directly from fluvial to beach conditions with- 
out extensive lagoon development. This environmental zone is difficult to recog- 
nize in many geologic sections, because of the occurrence of broad transition 
zones in areas where the strand line shifts to and fro during the depositional 
cycle. The deposits tend to show much interfingering and gradation, with numer- 
ous lenticular bodies and tongues. In optimum conditions there is intercalation 
of dominantly brown or reddish shales and sands with dominantly bluish gray, 
greenish gray and black; but commonly the distinctions are not so clear. 

In general characteristics the sediments display gray, brown, red, green, blue, 
dark gray, and black colors, as well as mottlings of reddish, purplish, and greenish 
varieties. The sandstones vary from quartzose to subgraywacke, depending on 
the tectonic setting of the environment. Shales may be claystones or siltstones, 
micaceous, carbonaceous, or calcareous; they may range in texture from massive 
to relatively uniformbedded. Limestones are ordinarily subordinate, but may 
include lenticular fresh-water types, marly varieties, or thin marine tongues. 
Fossils include alternations of terrestrial, brackish, and shallow marine types. 
Lignitic or coaly beds may be common. 

On stable shelf areas this environmental zone may be identified as a belt with 
linear quartzose sand bodies, commonly with brackish- to fresh-water shales 
along one edge, and more typical marine shales or siltstones on the other. In 
some instances of dominant sand deposition, the transition may be from fluvial 
and eolian (dune) sands to beach or shallow marine types, with no intervening 
zone of shale. 

On unstable shelves, where the strand-line shift may be more marked than on 
stable shelves, the associated deposits form cyclical successions, with beds rang- 
ing from purely continental types to marine neritic. The intertonguing Mesa 
Verde of eastern Utah is an example. Where the strand-line shift is not so exten- 
sive, the cyclical repetition of beds may lack typical marine shales or limestones, 
and consist mainly of basal subgraywacke sands, fresh-water clay shales, and 
coaly or lignitic beds, as in the Tongue River formation of Montana. ‘Channel 
sands” or other linear sand bodies of a cleaner subgraywacke or quartzose type 
may be common in the sequence. 

In intracratonic basins thickening of the shale sequences is prominent, and 
there appears to be a general increase in the lenticularity of the units. Rapid sand 
and shale pinch-outs may occur, and a single sequence of shale may show progres- 
sive change from marine through brackish to continental characteristics. In 
general the shales are more silty than the shelf equivalents, and the clean sand 
lenses are more sporadic and commonly thicker. Cyclical units are also thicker, 
and some coals are better developed, though more widely spaced, than in shelf 
cyclothems. In general, progression from marginal to axial parts of the basin 
is accompanied by increase in the proportion of marine beds, as in the Tertiary 
of the Gulf Coast. 

In the geosyncline it may be difficult to identify this environmental group as 
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a unit, because of rapid burial and rapid lateral shifts in environment. The in- 
tensity of tectonism, in its control of the rapid rate of burial, may be great enough 
to obscure environmental patterns. 

The wide range of conditions commonly extant in the transitional environ- 
mental group suggests that where possible the transitional environments be ex- 
pressed within narrower limits. Fluvial-lagoonal transitions may be recognized, 
or lagoonal-littoral, or littoral-neritic. Where control is closely spaced and the 
stratigraphic thickness is limited, it may be possible to differentiate each environ- 
mental band, as Bass (1936) did in his study of the Cherokee of southeastern 
Kansas. 


EPINERITIC ENVIRONMENT 


The neritic environment is defined as tne zone between low tide and a depth 
of 100 fathoms. Scott (1940) subdivided this range into two classes, which he 
defined as epineritic (o to 20 fathoms), and infraneritic (20 to 100 fathoms). This 
usage is followed here, because of the importance of distinguishing the more shal- 
low parts of the environment from the deeper. In the epineritic zone current ac- 
tion may be prominent, and the greater nearness to land may result in more 
sand and shale in the section than in infraneritic zones. The epineritic zone also 
has areas of clear water, which may develop biostromal conditions, giving rise 
to dominant carbonate deposits. 

Although the limits of bathymetric zones may be defined in terms of depths 
in recent seas, it must be recognized that the use of these bathymetric terms in 
discussing ancient environments carries an implication of similar conditions in 
each zone, but without restriction to the same specific depth limits. Thus, dis- 
cussion of the neritic zone in the Paleozoic does not imply that the zone extended 
to precisely 100 fathoms, but that the deposits show the characteristics of rela- 
tively shallow water rather than of bathyal or abyssal depths. 

The deposits of the epineritic environment are wholly marine, commonly with 
light gray, brown, greenish, or bluish colors in the shale, although local or wide- 
spread red or black shales may be present. Sandstones tend to be relatively well 
bedded and fine-textured, with cross-bedding and ripplemark common. Lime- 
stones show a wide range from dense argillaceous to fossiliferous-fragmental 
varieties. 

The epineritic zone is characterized by an enormous profusion of organisms, 
dominated by benthonic types, and many susceptible to preservation as fossils. 
Most wave lengths of light can penetrate to all parts of the epineritic bottom, 
promoting the growth of a rich flora which in turn supports, directly or indirectly, 
a varied fauna. It is difficult to generalize about the forms to be expected, since a 
succession of dominant or prevalent types with advancing geologic time is evi- 
denced by the fossil record. In near-shore areas where wave action is an important 
influence thick-shelled pelecypods and gastropods are characteristic. In the off- 
shore areas a great range of invertebrate phyla are represented, and, in the ab- 
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sence of abundant land-derived detritus, fossil materials, commonly dislocated 
or fragmented, compose the bulk of accumulated sediment. Locally, reefs may be 
formed by associations of lime-secreting animals and algae of many types. 

The epineritic environment on the stable shelf is a site of maximum environ- 
mental control of sedimentary properties. The gentle rate of subsidence, combined 
commonly with a slow rate of detrital supply, affords the environmental agents 
an opportunity of exerting maximum transporting and sorting effects before sedi- 
ment burial. Widespread sheets of quartzose sandstone, thin clay shales, and 
limestones with clastic textures may be common. Odlitic limestone may be as- 
sociated with the more agitated zones of carbonate deposition. In many places 
the sandstones grade through calcareous varieties to limestone, without the inter- 
vention of argillaceous rocks. 

With increasing instability of the depositional site the sediments are less 
uniformly well sorted. The sandstones contain more interstitial material; and the 
shales are silty and micaceous. Limestones commonly show less evidence of clastic 
texture, and more argillaceous or nodular types may appear. This tendency to- 
ward less environmental control of textural, and other characteristics under con- 
ditions of more rapid burial, become prominent in intracratonic basins, and reach 
a climax of heterogeneity in the geosynclines. 

The epineritic environment was one of the most common and widespread 
environments in the geological past. Evidence increasingly supports the inference 
that the prevailing water depths in epicontinental seas were 200 feet or less in 
depth, with a substantial area under 120 feet, which is the assumed deeper limit 
of the epineritic environment. The widespread limestones of the early and middle 
Paleozoic were apparently laid in epineritic waters on stable or mildly unstable 
shelves; the Pennsylvanian cyclothems represent a range from continental to 
epineritic conditions, with only the fusulinid limestones requiring waters as deep 
as 180-200 feet. 

The epineritic environment relatively remote from land, and free of significant 
amounts of land-derived detritus, may develop strong biostromal tendencies, in 
which a rich benthonic fauna occupies the bottom. Slight shifts in temperature, 
salinity, oxygen content, water depth, or other factors, may develop conditions 
locally suitable for the development of bioherms, which rise above the bottom as 
compact colonies of organisms. On stable shelves such biohermal growths appear 
to be randomly distributed, but the bioherms tend to develop linear reef belts 
along tectonic hinge lines at the margins of more rapidly subsiding areas. 

Because of the importance of such biostromal conditions in the development 
of limestone reservoirs, it is probably desirable where possible to differentiate the 
biostromal epineritic environment from the epineritic environment dominated 
by land-derived detritus, which gives rise to shale and sand sections with sub- 
ordinate limestones. 

INFRANERITIC ENVIRONMENT 

The infraneritic environment includes water depths ranging from 120 to 600 

feet. In general the water is quieter than in the epineritic environment, so that 
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less evidence of cross-bedding and ripplemark occurs in infraneritic deposits. 
Relatively quiet waters also provide conditions for well developed bedding in 
sands and shales, in the absence of mud-burrowing organisms, which may de- 
stroy bedding. The clastic sediments in the infraneritic environment are com- 
monly finer than in the epineritic, and chemical or biologic sediments commonly 
dominate. Conditions of water temperature, clarity, salinity, dissolved-gas con- 
tent, and other physico-chemical factors are more important than those depend- 
ent on the mechanical energy of the environment. 

The colors of sediments deposited in the infraneritic environment show a wide 
range, with gray, greenish gray, bluish gray, and brownish gray common; dark 
gray and black types may occur, and reds and dark browns are subordinate. 
The sandstones are mainly thin-bedded sheet sands or broad lenses. The shales are 
commonly well bedded clay shales. The limestones may occur in wide variety 
ranging from some fossiliferous-fragmental types, swept in from shallower water, 
to denser partly siliceous varieties. Benthonic fusulinid types of limestone are 
very common in the deposits of late Paleozoic seas of water depth of 200 feet. 
The dense organically rich black limestones found in some basin deposits, as the 
Bone Spring of Texas, are believed to have formed in the deeper parts of the 
infraneritic environment, or possibly in bathyal depths. 

Biologically, the infraneritic environment is gradational between the wave- 
agitated epineritic zone and the depth limit of photosynthesis. The shallower 
parts are populated by a fauna fully as rich and varied as that of the epineritic, 
but differentiated by the presence of more delicate and thin-shelled forms. In 
deeper waters the flora is progressively reduced (except for phytoplankton), 
fewer benthonic animals are found, and planktonic contributions to the fossil 
record rise in relative importance as the edge of the bathyal zone is approached. 

On the stable shelf the infraneritic deposits represent a deeper-water phase 
of the epineritic deposits, with the main distinction one of faunal elements in 
the rocks. It is believed that many fossiliferous limestones composed of benthonic 
forms are developed in water depths ranging from 100 to 200 feet, a zone strad- 
dling the bathymetric zonal boundaries. Elias has shown (1936) that fusulinid 
limestones are associated with water depths of the order of 180 feet; and Moore 
(1929) suggests that most Mid-Continent Pennsylvanian deposits were formed 
in water depths of less than 200 feet. Scott (1940) analyzed the depth implications 
of Cretaceous ammonites, and based his original subdivision of epineritic and 
infraneritic depths on his findings. 

Normal marine limestones, composed of fine- to medium-textured carbonate 
particles, and without conspicuous fossil content, appear to have resulted from 
inorganic precipitation of carbonate, or from the contributions of algae. It is 
believed that such limestones find their optimum conditions for formation in 
relatively shallow water, but it is probable that they are more common in in- 
franeritic than epineritic depths. The widespread occurrence of normal marine 
limestones in the early Paleozoic of the central states suggests their formation in 
the central parts of the very extensive epicontinental seas of that time, under 
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conditions of mild subsidence on stable or unstable shelves. 

The effect of minor oscillations in the tectonic intensity is felt less and less as 
deeper environments are attained. Whereas a decrease of 50 feet in sea-level has 
a profound effect on the conditions adjoining a low strand, the same change in 
water depths of several hundred feet is relatively minor. In the first instance the 
environment changes from marine to continental in a wide band; and even the 
epineritic conditions may be strongly affected by the shallowing. In the infra- 
neritic environment, the change in water depth in no way changes the essential 
marine nature of the deposits. The lag in faunal response to slight depth changes 
may therefore blur the effect of relatively short oscillations. 

As tectonic intensity increases, even the deeper infraneritic environment may 
show its effects in alternations of clastics and carbonate rocks, or in the specific 
types of limestones formed. 

In the deeper parts of the infraneritic environment it is thought that the 
sediments develop more siliceous qualities and darker colors. Typical splinter 
shales and pencil shales, such as are seen in the Smithwick of central Texas, may 
represent deposits laid in depths of several hundred feet, under conditions of 
moderate tectonic intensity. At somewhat lesser depths, yet within the infraneritic 
range, the shales become dark. In intracratonic basins, where subsidence may 
draw the central part of the depositional area below depths of 120 feet, typical 
sequences of dark basin shales, thin dark limestones, and very minor sandstones, 
are developed. This is illustrated by some of the Pennsylvanian deposits in the 
Anadarko basin. 

As with the epineritic environment, the infraneritic environment may be 
dominantly biostromal, with its attendant maximum importance of organically 
derived non-clastic sediments. 


BATHYAL AND ABYSSAL ENVIRONMENTS 


It is doubtful whether sediments formed in bathyal or abyssal depths occur in 
the stratigraphic column of the continents except locally within geosynclinal se- 
quences, and perhaps rarely in intracratonic basins. In the orogenic eugeosyn- 
clinal belt the occurrence of such deep environments must represent times of 
marked regional subsidence sufficient to submerge the positive elements which 
normally feed detritus into the troughs. Under such conditions the sediments 
from the lands are fine-grained and of relatively minor amount; and emphas is is 
on chemical sediments formed below the depth limit for abundant benthonic life. 
The resulting sediments are highly siliceous, and may represent chert beds aS in 
the Franciscan of California; or an intimate mixture of silica and carbonate to 
produce a dense siliceous limestone. Associated fossils include such siliceous types 
as sponge spicules and radiolaria. Some of the limestone may be the black, or- 
ganically rich sediments mentioned in the infraneritic environment. Very siliceous 
splintery dark shales may also be represented in this association. 

If the inferences developed in connection with bathyal and abyssal deposits 
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are approximately correct, there would be no occurrences of these deposits in shelf 
associations; they would be very rare in intracratonic basin associations; and 
only local and sporadic in the more eugeosynclinal parts of linear geosynclinal 
belts. 


RESTRICTED LAGOONAL ENVIRONMENT (HUMID) 


There are many evidences in the geological column of sediments deposited 
under restricted environmental conditions. These evidences include the occur- 
rence of special lithologic conditions or aberrant faunas. Two general conditions 
may be recognized, in the first of which there is evidence of restriction within 
tectonic basins, commonly aided by biohermal control; and in the second the re- 
striction occurs in broad or local shelf areas due to the presence of barrier beaches, 
submerged sills, and the like. The climate in which the restriction occurs is of 
basic importance, inasmuch as it largely controls the relation among inflow, pre- 
cipitation, and evaporation. The resulting deposits differ markedly under humid 
and arid conditions, and these two conditions require separate treatment. 

In humid climates the restricted area does not suffer marked reductions in 
volume due to evaporation and may become brackish from rainfall or run-off. 
The most important environmental features are associated with stagnation of 
the waters. Under these circumstances there is a high incidence of hydrogen sul- 
phide in the restricted waters, and a general lack of oxygen. Fleming and Revelle 
(1939) discuss the general conditions in stagnant fjords, which may be taken as 
typical. Organisms are confined to the upper waters, and benthonic forms are 
rare or absent. The bottom muds may contain a high percentage of organic matter 
derived from dead plankton which settles to the bottom. Anaerobic bacteria only 
partly decompose the organic matter, and attack the sulphates, to produce 
hydrogen sulphide. This in turn reacts with iron salts and produces black iron 
sulphide. 

As a consequence of the environmental conditions, the sediments are dark 
gray to black, and consist dominantly of black bituminous and pyritic shales, 
ordinarily fine-textured, well bedded, or fissile. Limestones, where present, are 
dark, bituminous, and thin-bedded. The faunas may be dominated by a few 
planktonic or nektonic types capable of withstanding brackish conditions, occa- 
sional high temperatures, low oxygen content, and the noxious effects of displaced 
sulphate equilibria. Bottom-dwelling forms are few in number and species. 
Phosphatic brachiopods, certain mud-dwelling clams, and such poorly understood 
types as conodonts are probably the only forms represented in the fossil record. 

In shelf occurrences, restricted conditions may occur behind barrier beaches or 
fringing coral reefs in lagoons sealed from access to the open sea by tectonic move- 
ment, by eustatic changes of sea-level, by biologic control, and by other causes. 
In some instances, as in the black paper shales of the Pennsylvanian cyclothems, 
it has been suggested that abundant growth of sea weeds in shallow marine waters 
may so inhibit circulation as to develop restricted conditions. The common associ- 
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ation of dwarfed and aberrant faunas in such shales supports the idea. 

Dark clay shales and fine siltstones, in general relatively thin, and interbedded 
with sediments deposited under open conditions, appear to be the rule in shelf 
occurrences of this environment, and they may be widespread. The sediments 
grade laterally into continental sediments; and may grade into or intertongue 
with normal neritic sediments along one margin. Sandstones and limestones are 
relatively rare in restricted shelf sequences. 

In intracratonic basins dark shales are common, but it is not certain to what 
extent restrictions may have occurred in typical basin shale accumulations. It is 
probably preferable to infer open circulation conditions for most dark basin shales 
(such as the Pennsylvanian sequences in the Anadarko basin) in the absence of 
criteria such as pyrite, aberrant faunas, and associated restricted limestones. 
Sandstones are minor in occurrence, and include subgraywackes with relatively 
high organic content in the form of carbonaceous or bituminous material. Under 
conditions of greater tectonic subsidence, as in geosynclines, the black shales of 
the humid restricted environment are more silty and less even-textured; and the 
associated sandstones are graywackes or fine-grained salt-and-pepper sands. 
Limestones are rare or absent. 

The very extensive black shales of the Chattanooga type contain some evi- 
dences of formation under restricted conditions. Their wide extent and relative 
thickness, however, argue against complete stagnation of an entire epicontinental 
sea. Some controversy remains on the depth of water under which such shales 
form. It is the writers’ opinion that these shales are mainly shelf varieties, de- 
posited in the epineritic zone, under restricted conditions promoted by widespread 
shallow depths with circulation impeded by algal growths. If these seas were very 
shallow, and circulation impeded as assumed, it would appear that rainfall must 
have been in excess of evaporation, or evaporites would be associated with these 
black shales. 

RESTRICTED LAGOONAL ENVIRONMENT (ARID) 

The same conditions which may restrict circulation in humid climates may 
operate in arid climates, but as soon as restriction is accomplished, the aridity 
results in reduction of the volume of restricted waters. Under these conditions 
the normal sea water becomes hypersaline; and if evaporation proceeds far 
enough, evaporites may be deposited in the restricted area. 

The change in salinity is accompanied by a marked change in the fauna which 
can inhabit the area. The great majority of marine pelagic and benthonic types 
are excluded and replaced by a small number of species of specialized plankton. 
These are typically without calcareous shells or tests and contribute little 
recognizable material to the fossil record. 

The sediments formed under restricted conditions in arid climates are domi- 
nantly light-colored, with white, cream, light brown, light green, pink, and red 
colors most common. The shales are gypsiferous, and the limestones are commonly 
dense, thin, and dolomitic. Sandstones are relatively rare. 
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On stable or unstable shelves the evaporitic associations may be relatively 
widespread. They grade laterally into and are commonly interbedded with red- 
bed sequences on the landward side, and they may show relations similar to 
normal marine or biohermal sediments along the opposite margin. King (1942) 
shows on Permian lithofacies maps several excellent examples of such relations. 
The associated sandstones are quartzose or clean subgraywackes, with iron-oxide 
staining a common attribute. Thin gypsum or anhydrite beds, commonly lenticu- 
lar, are a feature of the association. 

The most typical occurrence of thick deposits of evaporites is in intracratonic 
basins, where the restriction of the basin is accomplished by the growth of 
bioherms in rings along the tectonic hinge at the basin edge. If restriction is 
complete, a dominantly evaporite sequence may develop in the basin; more 
typically the deposits show a cyclical alternation of limestone, dolomite, thin 
clay shales, and evaporites. These alternations may be attributed to combinations 
of tectonic intensity, rise or fall of the outer sea, or to withdrawal of the outer sea, 
leaving behind a relict sea which evaporates to dryness. 

It is doubtful whether thick or extensive evaporite associations occur in geo- 
synclinal conditions, because of the high degree of instability, which prevents 
any set of conditions from existing long enough to produce evaporite sections 
such as are common in intracratonic basins. When the geosyncline is filled, and 
broad deltas occupy the shore zone, local areas of gypsiferous sandstones or shales 
may be formed. The occurrence of typical graywacke sandstones and the general 
absence of limestones in the section aid in interpreting such occurrences. 

Table I is included for ease of comparison of the environmental associations. 
The material is much condensed from the text, but it indicates that through all 
environments the sandstones are generally quartzose in stable shelf conditions, 
subgraywackes in unstable shelf and intracratonic conditions, and predominantly 
graywackes in geosynclinal conditions. These common denominators of all en- 
vironments must be discounted, therefore, as having any particular bearing on 
environmental interpretation. Rather, it is the association of particular combi- 
nations and relative abundances of sandstones, shales, and limestones which 
serves as an environmental index, combined with a critical analysis of such faunal 
elements as are contained in the sediments. The application of this table to strati- 
graphic analysis is deferred to a later section. 


SEQUENCE OF EVENTS IN DEPOSITIONAL CYCLES ON CRATON 


It is apparent from the foregoing sections that fundamental to any discussion 
of environment and tectonism is the broad framework in which the depositional 
cycle occurs. The tectonic framework of sedimentation includes the number, 
kinds, and relative geographic positions of sedimentary basins, geosynclines, 
neutral areas, and positives. These comprise the complex of source area, paths 
of transportation, and sites of deposition of a stratigraphic unit. Over this frame- 
work spread the epicontinental sea whose strand line marks the division between 
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TABLE I 


TECTONO-ENVIRONMENTAL CLASSIFICATION 


(This table is generalized and simplified for ease of reference. Consult accompanying text 
for additional details) 


Fluvial-Lacustrine-Eolian Transitional Environment Epineritic Infraneritic 
Environment (Fluvial-Lagoonal-Littoral) Environment Environment 
General condi- | Alluvial plains, stream Alluvial plains, lagoons, | Shallow wave and current- | Water depths exceed 120 


tions; types of 
specific environ- 
ments 


channels, lakes, swamps, lo- 
cal or extensive wind ac- 
tion. 


marshes or swamps, barrier 
beaches, deltaic conditions. 


agitated marine waters, 
open circulation. 


feet; relatively quiet off- 
shore zones. 


General colors 
and properties 
of sediments; 
main feunal ele- 
ments 


White, gray, yellow, red, 
brown, maroon, mottled. 
Lenticular or sheet sand- 
stones. Blocky to poorly 
bedded shales. Limestones 
very subordinate; coal and 
lignite beds. Plant impres- 
sions and remains; land 
vertebrates; fresh-water 
gastropods and pelecypods. 


Gray, brown, red, prem, 
blue, dark gray, and 
Lenticular sandstones; some 
sheet sands. Shales blocky 
to well bedded; coal and 
lignite beds. Limestones 
subordinate; here and there 
a tongue of marine lime- 
stone. Plants; land verte- 
brates, gastropods, pelecy- 
pods, phosphatic brachio- 
pods, and ostracodes com- 
mon. 


Gray, light brown, greenish 
gray, bluish gray, dark gray 
to black. Sheet sandstones; 
local linear bodies. Shales 
commonly bedded; lime- 
stones range from argilla- 
ceous to fossiliferous-frag- 
mental types. Great variety 
of stout-shelled benthonic 
invertebrates (mollusks, 
brachiopods, echinoderms, 
corals, etc.) 


Sediment colors gray, green- 
ish gray, bluish gray, 
brownish gray, dark gray, 
black. Reds and browns 
subordinate. Sheet sands 
mainly fine-grained; shales 
well bedded. Limestones 
show wide variety, with 
normal marine types domi- 
nant. Great variety of ben- 
thonic and nektobenthonic 
types, including more deli- 
cate forms. Significant per- 
centages of planktonic 
types. 


Stable Shelf Oc- 
currence 


Quartzose sandstones, cross- 
bedded. Massive clay shales, 
commonly mottled. Carbo- 
naceous; seldom calcareous. 
Fresh-water limestones, 
nodular, dense, local. 


Quartzose sandstones, cross- 
bedded, commonly lenticu- 
lar. Clay shales dominant, 
brackish varieties bedded: 
carbonaceous, locally cal- 
careous, marly. Fresh-water 
limestone subordinate. 


Quartzose sandstone cross- 
bedded. Siltstones ripple- 
marked. Shales commonly 
fine clayey, and greenish. 
Limestones with clastic tex- 
tures, evenly bedded or lo- 
cally cross-bedded. Sand- 
stone may grade directly to 
limestone. 


Fine-grained quartzose sand- 
stones. Clay shales common, 


well bedded; calcareous, 
carbonaceous. Limestones 
normal marine, fusulinid, 


chalk; numerous planktonic 
components, 


Unstable Shelf 
Occurrence 


Intracratonic 
Basin Occur- 
rence 


Geosynclinal 
Occurrence 


Subgraywacke sandstones, 
some linear quartzose chan- 
nel sands. Shales mainly 
siltstones, massive to 
banded, micaceous, carbo- 
naceous, seldom calcareous. 
Fresh-water limestones sub- 
ordinate, nodular dense to 
uneven sugary texture. 


Lenticular quartzose sand- 
stones; sheet sands are sub- 
graywacke. Shales mainly 
siltstone; claystones com- 
monly bedded; micaceous, 
carbonaceous, calcareous. 
Fresh-water to marly lime- 
stones. 


Quartzose to subgraywacke 
sandstones,  cross-bedded, 
ripplemarked. Shales com- 
monly siltstones, carbona- 
ceous, calcareous, light col- 
ors. Limestones thicker 
stable neritic types, argilla- 
ceous, locally denser. 


Fine-grained to subgray- 
wacke sandstones, evenly 
bedded. Silty claystones, 
carbonaceous, calcareous. 
Limestones as above, lo- 
cally denser, less wide- 
spread. 


Subgrayw acke sandstones, 
local arkose associations. 
Shales mainly uneven-tex- 
tured siltstones; micaceous, 
carbonaceous, semi-waxy, 
seldom calcareous. Lime- 
stones nodular to uneven 
thin-bedded. 


subgraywacke, 
arkosic sandstones; thick 
shales commonly change 
characteristics from top to 
bottom. Micaceous, carbo- 
naceous, calcareous. Fresh- 
water limestones may lo- 
cally be thick. 


Quartzose, 


Subgraywacke sandstones, 
arkosic sheets or wedges. 
Shales silty, carbonaceous, 
micaceous, calcareous. 
Limestones nodular, un- 
even, may be argillaceous or 
lense. 


Subgraywacke sandstones, 
thin-bedded. Shales _ fine 
siltstones to clay shales; 
dark colors common. Lime- 
stones thin, commonly dark; 
may be nodular. 


Graywacke sandstones with 
subordinate subgraywacke 
channels. Shales massive to 
banded, chloritic or feld- 
spathic. Fresh-water lime- 
stone may form thick len- 
ticular bodies. 


"Graywacke sandstones with 
subordinate subgraywackes. 
Massive to banded shales, 
mainly silty to sandy. Local 
thick fresh-water lime- 
stones. 


Graywacke sandstones with 
thinner subgraywackes. 
Shales commonly uneven- 
bedded; may show dark col- 
ors. Limestones subordi- 
nate, nodular. 


Graywacke sandstones sub- 
ordinate. Shales mainly silt- 
stones with uneven texture. 
Limestones rare; siliceous, 
dark. 
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Epineritic Biostromal Bathyal-Abyssal Restricted Lagoonal Restricted ‘Lacoonal > 
Environment Environment Humid Arid 


General condi- 
tions; types of 
specific environ- 
ments 


Shallow clear waters, open 
circulation, little or no land- 
derived sediment. Temper- 
ature, salinity, oxygen con- 
tent, and depth are control- 
ling factors. 


Water depths exceed 600 
feet; these conditions may 
locally be fulfilled in rap- 
idly subsiding geosynclines. 
Rare or absent in craton. 


Mainly neritic depths; vol- 
ume may be constant, but 
circulation restricted by 
barriers, sills, or biohermal 
control. 


Mainly epineritic depths; 
evaporation exceeds inflow. 
Circulation restricted by 
barriers, sills, or biohermal 
control. 


General colors 
and properties 
of sediments; 
main faunal ele- 
ments 


Light colors, with tan, 
bluish, cream dominant. 
Sandstones and shales sub- 
ordinate; main bulk of sedi- 
ments are carbonates, with 
abundant evidence of life 
forms and associated de- 
bris. Corals, bryozoans, al- 
ae, oysters, specialized 
rachiopods and larger for- 
aminifera, crinoids, etc. 


Sediment colors commonly 
dark; blue, green, red, dark 
gray to black. Land-derived 
sediments relatively rare; 
shales siliceous, diatoma- 
ceous. Limestones dark 
siliceous. Chiefly planktonic 
types, smaller foraminifera, 
iatoms, pteropods, etc. 


Sediment colors common: 
dark gray to black. Sand- 
stones rare; shales domi- 
nate; bituminous, pyritic; 
calcareous, mainly clay- 
stones. Limestones dark, 


bituminous, thin-bedded. 
Phosphatic _ brachiopods, 
conodonts, certain mol- 


lusks, spores, algae. 


Sediment colors commonly 
light; white, cream, brown- 
ish, greenish, bluish, pink, 
red. Sandstones rare. Clay 
shales dominate, gypsifer- 
ous, calcareous. Limestones 
dense; primary dolomites, 
nodular to thin-bedded. 
Evaporites may range from 
subordinate to dominant. 
Fauna aberrant, depauper- 
ate or lacking. 


Stable Shelf Oc- 
currence 


Unstable Shelf 
urrence 


This is a os environ- 
ment of stable to mildly 
unstable shelves, in wide- 
spread shallow seas. The 
biostromal areas may occur 
locally or over large areas. 
Sporadic bioherms common. 
Limestones include fossilif- 
erous-fragmental, _reefoid, 
odlitic, and chalks. Subordi- 
nate clay shales, marls, and 
thin quartzose sands in the 
association. 


Intracratonic 
Basin Occur- 
rence 


Geosynclinal 
Occurrence 


Under basin or geosynclinal 
conditions, biostromes may 
rarely occur in local opti- 
mum areas. Significant is 
the growth of biohermal 
zones along tectonic hinge 
lines at edges of intracra- 
tonic basins. Here reefoid, 
fragmental, odlitic lime- 
stones are the rule, with 
other types subordinate. 


These environmental con- 
ditions doubtfully present 
on shelf areas; may occur 
locally in intracratonic ba- 
sins. Typical but rare occur- 
rence in  eugeosynclinal 
association at times of rapid 
subsidence and slow deposi- 
tion. No sandstones known; 
shales very siliceous, splin- 
tery; primary chert beds or 
nodules; limestone dark, 
dense, very siliceous. 


In shelf occurrences, this 
environment may form 
widespread black shales be- 
hind barrier beaches or 
fringing reefs. The sequence 
may grade into continental 
sands and shales on one or 
more sides, Within the en- 
vironment sandstones and 
limestones are rare. 


In shelf occurrences this en- 
vironment may form wide- 
spread evaporitic sequences 
lominated by gypsiferous 
shales and thin evaporite 
beds, grading landward to 
typical redbed continental 
and transitional sequences. 
Limestones thin and sub- 
ordinate within sequence. 


Thick sequences of dark 
shales, bituminous, waxy, 
mainly clay types. Sand- 
stones rare, fine-grained. 
Limestones _ subordinate, 
dark, bituminous varieties. 


Thick sequences of typical 
evaporite associations; gyp- 
sum, anhydrite, salt, thin 
limestones, and dolomites; 
bright-colored shales, com- 
monly clayey and gypsifer- 
ous. Cyclical evaporites 
common. 


Dark gray, brown, greenish 
silty shales, uneven tex- 
tures. Some fine graywackes 
or subgraywacke  sand- 
stones. Limestones rare or 
absent. 


It is doubtful whether true 
evaporite basins occur in 
geosynclinal conditions, al- 
though local sheets of evap- 
oritic beds and gypsiferous 
shales may be associated 
with deltaic parts of geosyn- 
clinal sedimentation. 
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continental and marine environments. The more positive areas and exposed 
neutral areas become the sites of subaerial erosion and fluvial and eolian trans- 
portation, as well as temporary sites of continental sedimentation along stream 
courses, in lakes and swamps, and on alluvial plains. Most of the detritus carried 
from the source area finds its way ultimately into the sea, where it is distributed 
through the littoral, neritic, and other bathymetric zones. 

Studies of several years at Northwestern University have resulted in the col- 
lection of typical examples of regional sedimentary facies patterns. These ex- 
amples display a variety of sedimentary and tectonic conditions. In order to 
integrate several conditions into a single example, some of the studies have been 
combined in a hypothetical case, to illustrate the sequence of events during a dep- 


Fic. 1.—Hypothetical major cycle of late Paleozoic deposition, I. Initial stage. 


ositional cycle in an idealized tectonic framework. The stratigraphic interval 
represents a stage in Pennsylvanian or Permian time, under conditions of semi- 
aridity. Examples of the actual instances used are cited on a later page. It is 
assumed that previous to the idealized interval, the area (approximately 250,000 
square miles) had been eroded essentially to a peneplain, so that the new major 
cycle represents deposition over a nearly level surface. 

Figure 1 shows a generalized topographic map of the pre-depositional surface, 
at the inception of the new cycle. The land area has a relief of only a few hundred 
feet, with scattered erosional remnants. In the south-central area is an old granite 
terrane; in the east and northeast are scattered hills of basement rock, mainly 
metamorphosed sediments. The broad intervening area is underlain by deposits 
of the previous depositional cycle. The sea is assumed to invade this area from 
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the southeast, submerging the part indicated on the map. This invasion is ini- 
tiated by a re-establishment of subsidence in the depositional area, and uplift 
in the source areas. 

The tectonic framework of the new cycle of deposition is shown in Figure 2. 
The south-central granitic area develops a strong positive tendency, and is sepa- 
rated by a normal fault from a rapidly sinking block on the east. The higher areas 
along the east and northeast of the map area also developed positive tendencies, 
but epeirogenic rather than orogenic. The southeastern basin and the two positive 
areas act in a complementary manner, with the one sinking at nearly the same 
rate that the others rise. An additional area of subsidence occurs in the northwest, 
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Fic. 2.—Cycle of deposition, II. Tectonic framework. 


somewhat more remote from the complementary uplifts. The broad intervening 
area among the positive and negative elements is essentially neutral, that is 
gently subsiding, with some oscillations in the zone between the southern and 
northeastern positive areas. The tectonic activity is to be contemporaneous 
with deposition during the cycle. 

Figure 3 shows the distribution of gross environments over this framework as 
a result of invasion by the sea under the operating tectonic influences. The higher 
parts of the positive areas now become sources, feeding detritus to the sea, where 
most rapid accumulation occurs in the subsiding basins. Part of the detritus tem- 
porarily accumulates as alluvial and lacustrine deposits on the lower land slopes, 
and passes through the transitional littoral zone into the epineritic environment. 
The transitional littoral zone is shown as approximately 100 miles wide, to rep- 
resent fluctuations of the strand line during oscillations which occur at the borders 
of the more active tectonic areas. 
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It is apparent that the steeply faulted eastern side of the southern positive 
area will feed much clastic material into the eastern basin; whereas the more 
gentle northward slope will supply less abundant and probably more highly 
weathered débris toward its northern shore. The northeastern positive area 
spreads a sheet of mud and sand toward the sea and into the neritic environment. 
To illustrate the quartzose sand deposition, it is assumed that currents winnow 
out the fine materials, and move them southward along the eastern shore. The 
southern part of the eastern source area also supplies sand and mud to the neritic 
zone, and augments the mud supply from farther north. As a consequence of this 


Fic. 3.—Cycle of deposition, III. Distribution of environments. 


distribution of source areas, relative rates of erosion, and postulated currents, it 
may be expected that the general northwestern part of the neritic environment 
will have relatively clear waters, whereas the southeastern part of that environ- 
ment will be more turbid. 

An immediate response to the physico-chemical conditions of the environ- 
ment is shown by the faunal assemblages which thrive in the map area, as indi- 
cated in Figure 4. Starting in the clear shallow seas of the northwest, benthonic 
fusulinids dominate in the farthest offshore areas, grading southeastward into a 
broad area dominated largely by a crinoidal fauna with scattered coral-algal 
bioherms. The tectonic hinge line along the edge of the northwestern subsiding 
area becomes the site of a ring of bioherms. This generally continuous reef trend 
will isolate the central part of the developing intracratonic basin from the free 
circulating waters on the outside of the reef belt. Such biohermal trends grow 
upward as the area subsides, maintaining the inner basin in a state of restricted 
circulation during the greater part of the depositional cycle. 
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Shoreward from the crinoidal area on the northeast the fauna grades into a 
typically molluscan type which is capable of thriving on the prevailing sandy 
bottoms. Elsewhere toward the shore, zones of productids and certain mollusks 
thrive in areas where the bottom is more muddy. In the southeastern part of the 
shallow sea, where partly restricted conditions may be prevalent, molluscan 
faunas and phosphatic brachiopods will be typical, grading westward to molluscan 
types in the more sandy areas near the fault source. Along the entire strand line, 
where the environments shift to and fro in response to sea-level changes, numer- 
ous faunal elements may be present. These include algae, pelecypods, Lingula, 
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Fic. 4.—Cycle of deposition, IV. Biologic response to environmental distribution. 


and some plant remains in the lagoonal environment. Landward from the zone 
of shifting strand lines, above sea-level, the continental deposits contain the re- 
mains of plants, fresh-water mollusks, and land vertebrates. 

The biofacies response to the environmental and tectonic influence is very 
important in the development of sedimentary rocks in the clearer sea areas. 
Establishment of the biohermal ring at the edge of the northwestern intracra- 
tonic basin means that the environment within that ring is controlled primarily 
by restrictions due to biological agents; and the clearer sea areas dominated by 
crinoids or fusulinids accumulate typical shelf associations of fossiliferous frag- 
mental limestones. Figure 5 shows the sedimentary response to the environmental 
conditions. 

Within the zones in which clastic sedimentation dominates, a broad sheet of 
sand extends across the transitional and neritic environments in the northeast, 
as waves and currents winnow and distribute the material over the essentially 
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stable shelf area. Toward its western edge the sandstone grades into limestone 
through a transition zone of calcareous sandstone and sandy limestone, as Figure 
5 indicates. Farther southeast, mixtures of sand and silt are deposited in the higher 
parts of the continental environment, becoming finer toward. the sea, with in- 
creasing amounts of organic material added as lagoonal and other phases of the 
littoral-transitional environment are encountered. The northern part of the south- 
western source area has a distribution of sediments much like the southern 
part of the eastern source area. In marked contrast to this are the deposits ac- 
cumulating in the southeastern basin adjacent to the strong normal fault. The 


ic. 5.—Cycle of deposition, V. Lithologic response to environmental and tectonic controls. 


granitic terrain exposed to erosion feeds arkose into this basin, and the large rate 
of supply, combined with rapid burial, means that these arkoses are preserved in 
a poorly sorted state, and in the form of a very thick wedge. Farther east the 
material grades through an intervening zone of sandy shale to predominant shale 
deposition in the eastern part of the subsiding basin. 

In the meantime, restricted circulation in the northwestern intracratonic 
basin, under conditions of semi-aridity, results in the development of an evapo- 
rite sequence in that basin. These evaporites consist mainly of alternations of lime: 
stone, dolomite, anhydrite, and possibly halite. Relatively few and thin clay 
shales may be interspersed with the dominantly chemical sediments, as a result 
of occasional tectonic pulsations which may feed mud into the lagoon through 
passes along the biohermal ring. 

Several actual situations are illustrated in the hypothetical depositional 
cycle. For example, the widespread sheet of well sorted quartzose sand in the 
northeastern part of the map area, which grades from continental to shallow 
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marine types, is illustrated by the Tensleep sandstone of Montana and Wyoming. 
The Tensleep locally grades laterally into limestone without intervening zones 
of shale. The Upper Cambrian sandstones in Wisconsin grade southward through 
dolomitic sandstone and sandy dolomite into dominant dolomite, again without 
gradation through a zone of shale. 

The evaporite basin enclosed within its biohermal ring is typified by examples 
in the Michigan basin during Silurian and Devonian. The arkose wedge in the 
south-central part of the map area is characteristic of the Fountain arkose (Penn- 
sylvanian) along the Front Range. The Fountain arkose grades northward into 


Fic. 6.—Cycle of deposition, VI. Isopachs of deposits formed during major cycle. 


quartzose sandstone, so that a gradation from arkose to quartzose sand may occur 
rapidly in nature. The occurrence of continental shales grading into lagoonal and 
marine shales, with linear beaches, is typical of the Cherokee section of eastern 
Oklahoma, in the rich Bartlesville producing areas. These shoestrings, according 
to Bass (1936) represent barrier beaches along a lagoon-fringed Cherokee sea. 

Toward the close of the hypothetical cycle of deposition, the tectonism of the 
area diminishes in intensity, with the result that the higher land surfaces are re- 
duced to an erosional base level, and the sediments washed into the sea are dis- 
tributed in accordance with a base level adjusted to wave and current base. The 
closing deposits in the region will thus be a veneer of widespread shelf sediments 
over the entire depositional area, possibly with culminating evaporites in the 
biohermal ring. At the instant that the depositional cycle may be considered 
closed, that is, just before withdrawal of the sea, the thickness of the sediments 
show a pattern much like that in Figure 6. The isopachs indicate a few areas of 
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non-deposition during the cycle, in the higher parts of the old landmasses; and 
thick deposits in the intracratonic basins, with the major thickness in the arkose 
wedge immediately east of the normal fault. Over much of the broad shelf area 
the sediments are relatively uniform in thickness. Hence, the isopachs at that 
moment reflect the general tectonism which prevailed during the depositional 
cycle. Figure 7 shows a northwest-southeast cross section through the hypo- 
thetical map area at the close of the cycle of deposition. 

If the succeeding cycle of deposition occurs without significant subaerial ex- 
posure, then the entire stratigraphic interval will be preserved under cover, with 
its isopach pattern intact. More commonly, perhaps, an interval of erosion occurs 
between major depositional cycles, which results in the stripping away of parts 
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Fic. 7.—Cycle of deposition, VII. Stratigraphic section from fusulinid limestone (NW) to 
to sand-shale basin (SE) of Figure 5. 


of the previously deposited material. If warping occurs in the shelf area, parts of 
the deposit may be entirely removed by erosion. Nevertheless, the important fact 
remains that the preserved remnants of sediment still retain their lithologic and 
biological characteristics, despite the fact that the isopach pattern is modified by 
the erosion. Hence, from the preserved remnants a more or less complete picture 
of environments and tectonic activity may be reconstructed. 


APPLICATIONS OF TECTONO-ENVIRONMENTAL CLASSIFICATION 


It is implied in the preceding treatment of the hypothetical example that the 
pattern of organic and depositional environments and of tectonic behavior re- 
mained relatively fixed during the time required for the deposition of a three- 
dimensional mass of sediments. Therefore, at any point of observation of the 
resulting column of sediment, nearly uniform response to environment and pre- 
vailing tectonism may be traced through vertically successive layers of sediment. 
That is to say, the biologic, lithologic, and tectonic aspect at any point is the re- 
sult of a single dominant condition. This is illustrated in Figure 7, which repre- 
sents a stratigraphic section from northwest to southeast in Figure 5. Column 
A shows mainly fusulinid limestone, with minor clay shale breaks, characteristic 


3 
NW = 
== 
—— 
400-| — 
C447. 
600- 
800 


SEDIMENTARY TECTONICS AND ENVIRONMENTS 1885 


of infraneritic conditions on a stable shelf. Column B represents the evaporite sec- 
tion of the northwest restricted basin, with thin limestones and dolomites, and a 
few thin shales. Column C is typical of the limestone area southeast of the 
evaporite basin, and shows normal marine and fossiliferous-fragmental lime- 
stones and their dolomitized equivalents with a few clay shales or thin quartzose 
sandstones. Column D represents the cyclical deposits of the unstable shelf; 
and ranges from non-marine subgraywacke sands, underclays, and coal, to thin 
marine limestones and thicker marine to brackish shales. Column E occurs in the 
transition area between arkose and basin shales in the southeastern part of Figure 
5, and has mainly arkosic to subgraywacke sands, and silty shales, with thin nodu- 
lar limestones. 

Each of the sections reflects the persistence of a dominant environmental and 
tectonic condition, except for column D, which lies in the transition zone of mild 
instability, and hence reflects an alternation of continental and marine environ- 
ments. In actual examples the persistence of environmental and tectonic patterns 
may not normally maintain, and the rock column at any point commonly reflects 
vertically successive responses to shifting environments and tectonic states. 

Analysis of these more complex situations requires methods for differentiating 
and expressing the changing biologic, lithologic, and tectonic influences on the 
section. The writers (Sloss, Krumbein, and Dapples, 1949) have previously 
applied the terms biotope, lithotope, and tectotope to the rock record of biologic, 
lithologic, and tectonic influences. The use of these terms may be illustrated with 
an actual example. Figure 8 is a stratigraphic section of several lower Des Moines 
cyclothems from western Illinois. The column at the left indicates the lithotopes 
present (kinds of lithology). The biotopes (beds or units having similar faunal 
assemblages) are not indicated, but in general they coincide with the lithotopes 
in this section. The central column indicates the inferred environmental condi- 
tions in which the sediments accumulated. The lower beds in the cyclothems are 
placed in a combined fluvial-lacustrine-swamp environmental group; and the 
upper shales and limestones are interpreted in terms of brackish and marine 
neritic conditions. The last column shows the grouping of tectotopes (beds or 
units representing similar tectonic conditions or rates of subsidence). The tecto- 
topes are all shelf types, and represent the range from essentially stable condi- 
tions during the accumulation of coal and underclay in the non-marine part of 
the cyclothem and of limestone in the marine part; to more rapid subsidence dur- 
ing the deposition of the subgraywacke sandstones. The over-all tectonic aspect 
is that of an oscillating shelf area, with positive movements indicated by dis- 
conformities in other parts of the complete section. 

The lithotopes, biotopes, and tectotopes of any section may be expressed in 
terms of the over-all lithologic, biologic, and tectonic aspect which they display; 
and these characteristics may be used as a basis for preparing lithofacies, bio- 
facies, and tectofacies maps (Krumbein, 1948; Sloss, Krumbein, Dapples, 1949). 
In the same manner, the environments represented in the section may be ex- 
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Lithotope Environment Tectotope 
Coal & Swamp Stable 
underclay shelf. 
Lacustrine & 
Subgraywacke fluvial 
Brackish 8 Unstable 
shelf 
Silty shale marine 
neritic 
COAL, UNDERCLAY, 
CALC, NODULES Swamp Stable shelf 


Lacustrine 


30 Subgraywacke 
fluvial Unstable 
- shelf 
Brackish & 
Silty shale morine 
c neritic 
Swamp 
Coal undercia 
» 20 T 
Marine Is. 
ns Morine neritic Stable shelf 
bad Clay shale 
= +e Coal & underclay Swamp 
Lacustrine & 
Subgraywacke Unstable shelf 
10 Glay shale Morine neritic 
Coal@underclay Stable shelf 
Swamp 
Lacustrine 
Subgraywacke Unstable shelf 
fluvial 


Fic, 8.—Analysis of part of Desmoinesian in western Illinois, in terms of lithotopes 
tectotopes, and environmental groups. 


pressed in any of several ways to denote the over-all environmental aspect of the 
section. Thus, the section in Figure 8 may be expressed in broad terms as transi- 
tional continental-marine, with a dominance of non-marine conditions; or the 
ratio of marine plus brackish beds to continental beds may be computed, yielding 
the value o.51 in the illustrative example. More simply, the per cent of marine 
plus brackish beds may be stated as 34 per cent of the section. 

Analysis of sections of a stratigraphic unit in the manner indicated may be 
used as the basis for environmental maps, which display the areal variation in 
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Fic. 9.—Experimental map of Desmoinesian Stage. To, statistical lithologic groups; 
bottom, distribution of generalized environmental conditions. 


gross environmental aspect of the stratigraphic unit. Reference to the figures 
illustrating the hypothetical cycle of deposition show that Figure 5 is the litho- 
facies map, Figure 4 is the biofacies map, Figure 2 is the tectofacies map, and 
Figure 3 is the environmental map. 

As an illustration of an actual instance, experimental maps were prepared 
of the Desmoinesian Stage, from western Kansas to Pennsylvania. Inasmuch as 
cyclothems occur over much of the area, the data were assembled in the manner 
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indicated in Figure 8, by analyzing such stratigraphic sections as were available 
with adequate faunal and detailed lithologic data. The first stage was the prepa- 
ration of a lithofacies map based on the clastic ratio and sand-shale ratio (Krum- 
bein, 1948). This map is shown in the upper part of Figure 9. The data were then 
re-expressed in terms of the proportion of marine beds in the section, and a second 
map (lower map of Figure 9) was prepared to show the broad pattern of environ- 
mental associations. 

In western Kansas the Desmoinesian is a lime-shale section, consisting of more 
than 50 per cent shelf-type limestones, with light to dark shales, also dominantly 
shelf types. Sandstone is subordinate, and is mainly fine-grained quartzose sand- 
stone. All beds are marine, with both epineritic and infraneritic faunas repre- 
sented. The dominant environment is marine neritic, with a representation of 
epineritic conditions. Eastward, in central Kansas, the section becomes shale- 
limestone, with the shale exceeding the limestone. Occasional brackish shales 
and thin coals attest to interruptions in the continuous occupation of the area 
by the sea. The line of 75 per cent marine beds in part parallels the limit of 
prominent coal-bearing cyclothems, but in the northwest the marine line appears 
to swing through western Nebraska and into South Dakota, beyond the limit of 
well developed cyclothems. In northern Nebraska and eastern South Dakota, the 
occurrence of red sediments in a shale-sand section, and a generally non-marine 
aspect, suggests that marine conditions may not have formed as much as 25 
per cent of the beds. The lack of detailed information on the writers’ part in this 
area renders the present interpretation of that area only tentative. 

Over most of the coal-cyclothem area between eastern Kansas and Indiana, 
the section is shale-sand or locally shale-limestone. Marine beds exceed conti- 
nental. The proportion of marine beds decreases northward, and there is some 
evidence in Missouri that the proportion of marine beds may also have been lower 
over parts of the Ozark uplift. In Ohio and West Virginia, and perhaps also in 
Michigan, the proportion of marine beds in the section apparently drops below 
25 per cent, resulting in a dominantly continental assemblage; and in West 
Virginia the section becomes mainly sand-shale. The broad environmental rela- 
tions are indicated on the regional environmental map by classifying the areas 
with less than 25 per cent marine beds as a continental association, made up 
mainly of fluvial, lacustrine, and swamp environments. The areas between 25 and 
50 per cent marine beds are designated as transitional continental, as shown on 
the map legend. Areas with more than 50 per cent marine beds are grouped into 
neritic transitional and dominant neritic. 

On the assumption that the Desmoinesian lithofacies and environmental maps 
are correct to a first approximation, there are several interesting implications 
which arise in the historical geology of that stratigraphic unit. One gains the im- 
pression that the terrane receiving sediments must have been very nearly feature- 
less over its entirety, so that relatively slight changes in sea-level moved the 
strand line across extensive areas. The sea continuously occupied the fairly stable 
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shelf of western and central Kansas, sending broad sheets of marine waters 
eastward and northeastward during the negative phases of repeated oscillations 
of the shelf farther east. The waters withdrew as positive movements occurred, 
or as sediments in the eastern part of the area accumulated above sea-level 
forcing the strand westward. Tectonic influences increased generally eastward, 
as shown by the thickened sub-units in the Forest City and Illinois intracratonic 
basins, as well as the thickening section toward the Appalachian geosyncline. 
These areas, by virtue of their relatively greater subsidence during negative parts 
of the oscillations, acquired a correspondingly greater amount of sediment to 
maintain baselevel conditions. This general picture of invasion of the seas from 
the west agrees with recent paleogeographic maps, such as in Moore (1949, p. 
201). 

The inference is strong that the main source of sediments for the eastern 
half of the area was at the east, assumably in active orogenic elements in the 
Appalachian geosynclinal belt. The shales of the Anadarko basin, the edge of 
which is shown on the southern margin of the map, assumably came from oro- 
genically active areas along the Amarillo-Arbuckle-Wichita trend. The quartzose 
Tensleep sandstone beyond the extreme northwestern part of the map area, and 
the relatively thin sediments in South Dakota and Nebraska, may have been 
derived largely from the Shield area or the Sioux uplift. Similarly, at least part 
of the Forest City and Illinois basin sediments were derived from the north. 
Thus, it appears that several source areas supplied sediment to the Desmoinesian 
some of which were intracratonic positives, and others were associated with geo- 
synclinal belts. This general picture agrees with Moore and Thompson’s recent 
(1949) reconsideration of Pennsylvanian classification. The Oklan series, of 
which the Desmoinesian is the upper stage, follows an interval of disturbance 
along the main geosynclinal belts at the close of Ardian time. During the Atokan 
(lower stage of the Oklan) tectonic influence was marked, and resulted in the ac- 
cumulation of thick basin shales in negative intracratonic areas. During the ensu- 
ing Desmoinesian the tectonic framework of sedimentation became largely a shelf 
area, with greatly reduced negative tendency in former basin areas. However, 
the source areas of the Atokan continued to yield sediments during the Des- 
moinesian. 


CONCLUDING REMARKS 


The inherently great difficulty of interpreting and mapping environments of 
ancient sediments depends in part on the superposition of tectonism upon en- 
vironmental influences. Ordinarily the tectonic influence is longer-lived for any 
area than is a single environment. As a result, it is usually necessary to observe 
a succession of environments within a stratigraphic unit set in its larger frame- 
work of tectonism. The environmental aspect is thus seen, as it were, through a 
glass tinted by tectonism. The distorting or blurring effect of the tectonism varies 
with its intensity, somewhat in the manner suggested in Figure 10. Along the 
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vertical axis are shown typical environmental groups of sediments, ranging from 
deep marine to continental. The horizontal axis is a scale of tectonic intensity, 
shown as logarithmic to suggest the greatly increasing effects of tectonic activity. 
The shaded zones in the diagram illustrate the manner in which the environmental 
picture is clouded by increasing tectonic intensity. Perhaps the most sensitive 
part of the environmental picture is the transitional zone, which responds im- 
mediately to strand-line shifts, and hence results in maximum interfingering, 
gradation, and intertonguing of deposits The figure suggests that even in rela- 
tively stable areas it may be difficult to locate exact strand lines; and as tectonic 
intensity increases, the clouding effect extends to environmental groups on both 
sides of the transitional environment. This clouding increases in importance as 
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Fic. 10.—Diagram showing inferred clouding effect of contemporaneous tectonism on 
environmental reconstruction of stratigraphic unit. 


tectonism reaches higher stages of intensity, until in very mobile geosynclinal 
belts it may be difficult if not impossible to discern and distinguish the ex- 
tremes of continental and marine. 

Despite the clouding of environmental reconstruction by increasing tectonism, 
it is possible in many instances to discern the environment, provided a suitable 
means is available for expressing environmental characteristics in mappable 
units. The techniques suggested are probably suitable for regional studies, but 
require considerable sharpening for detailed studies of thinner intervals in limited 
areas. As the diagram of Figure 10 suggests, most success in recognizing the en- 
vironment may be anticipated in areas of low tectonic intensity, which extend 
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from stable shelf deposits to those of intracratonic basins. As understanding of the 
influence of tectonism increases, and as methods of expressing average or domi- 
nant environment progress, one may anticipate increasingly satisfactory methods 
of isolating and defining the environmental implications of stratigraphic units. 

It is also apparent that in general both sedimentary tectonics and sedimentary 
environment operate simultaneously to give the section its over-all characteris- 
tics; and that instead of being mutually exclusive concepts, tectonics and en- 
vironment are complementary, and operate hand in hand in the development of 
a body of sedimentary deposit. 
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STATISTICAL STUDY OF ACCURACY OF SOME CONNATE- 
WATER RESISTIVITY DETERMINATIONS MADE 
FROM SELF-POTENTIAL LOG DATA’. 
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Harmarville, Pennsylvania 


ABSTRACT 


A statistical comparison between 39 connate-water resistivities computed from S.P. (self- 
potential) electrical logs and thecomparable measured resistivities has demonstrated the usefulness as 
well as the Jimitations of the method of calculation proposed by the writer. The data on which this 
study was based were 34 routine Schlumberger electrical surveys made in oil fields in Illinois, Okla- 
homa, and Kentucky. 

It is shown that the theoretical interpretation of the electrochemical e.m.f. (electromotive force) 
will give, on the average, the correct connate-water resistivities only for S.P. kicks which refer to thick 
and relatively low resistant formations and ones which have little shale interbedding. In the case of 
S.P. kicks which are grossly pointed or very serrated the connate-water resistivities computed are, 
on the average, somewhat too high. 

A significant correlation has been found between the magnitude of the errors of interpretation 
and the resistivities of the Aquagel muds used in the logging. The errors are not significantly de- 
pendent on the salinity of the connate waters in the formations studied. 

The McClosky producing zone gives rise to abnormally low computed resistivities, but no satis- 
factory explanation of this phenomenon has yet been found. 


INTRODUCTION 


It has been shown elsewhere (1) by the writer that in electrical logging where 
the predominant cation in both the connate water of a formation and the fluid in 
the borehole is sodium, the maximum electrochemical S.P. kick can be fairly ac- 
curately expressed in terms of the salinities of the two fluids by the following ex- 


pression. 
RT u—v 
E=2.303 — | 1+—— ] log — 
F uty Om (1) 


where E=electrochemical e.m.f. 

R=gas constant per mole 

T=absolute temperature 

F=Faraday 

“u=mobility of cation 

v= mobility of anion (assumed to be chloride) 
@-=activity of sodium chloride in the connate water 
@m=activity of sodium chloride in the borehole fluid 


It was also shown that at low connate-water salinities the activity ratio a./am 
could be replaced, as an approximation, by the ratio of the resistivities of the 
borehole fluid and connate-water. For connate-water salinities in excess of about 
60,000 mg./liter as sodium chloride, it was pointed out that this approximation 
led to increasing errors, and for high connate-water salinities it was necessary to 


1 Read before the Association at St. Louis, March 15, 1949. Manuscript received, April 20, 1949. 
Published with permission of Gulf Research and Development Company. 


2 Electrochemist, Gulf Research and Development Company. The writer is indebted to A. C. 
Godbold and his assistants for their work in collating logs and formation water data and making the 
information available to him. The writer’s thanks for permission to publish this paper are due to Paul 
D. Foote, executive vice-president, Gulf Research and Development Company. 
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use the activity ratio. The mean activity coefficients for sodium chloride which 
were used to compute the sodium chloride activities were taken from Latimer (2). 

By using equation 1 and the method of computing sodium chloride activities 
described, connate-water salinities and resistivities have been calculated from 
routine electrical logs. If such salinities and resistivities can be computed with 
reasonable accuracy, equation 1 and the quantitative theory of the electrochemi- 
cal $.P. component to which it gives form are essentially correct. 


DATA 


The Tulsa division of the Gulf Oil Corporation made available 48 Schlum- 
berger electrical logs which had been run in Gulf wells during 1945, 1946, and 


TABLE I 
RESULTS CONSIDERED RELIABLE FROM VISUAL INSPECTION OF LoGs 


Mud Per (18°C.) | o 
Well Pool Location Formation | Resis. | — Remarks 
18°C. | Calcu- Meas- | Calcu- Meas- | 
a | lated ured lated | ured | 
Green 3 W. Divide | Jeffers Jefferson, Ill. Cypress 2.2 | 132,000 | 120,000 | 0.078 | 0.086 | — g | Salinity estimated 
Gabriel 2 S. Stanford ; Clay, Ill. Cypress 3-0 | 130,000 | 132,000 | 0.079 | 0.078 | + 1 
Gabriel 1 S. Stanford Clay, Ill Cypress 3.0 72,000 | 120,000 | 0.125 | 0.086 | +45 | Salinity estimated 
Pittman 1 S. Stanford lay, Il Tar Springs 2.6 | 110,000 | 120,000 | 0.09 | 0.086} + 5 | Salinity estimated 
Lorance 1 Markham City W.) Jefferson, Ill. Aux Vases 2.9 | 142,000 | 140,572 | 0.073 | 0.074 | — I 
Nora 3 Keenville Wayne, Iil. Cypress 3.8 | 120,000 | 135,000 | 0.084 | 0.077 | + 9 | Salinity estimated 
Peterson 3 | Markham City W.| Jefferson, Ill. Tar Springs 3-3 | 135,000 | 145,000 | 0.077 | 0.075 | + 3 
Raburn 1 Markham City N.} Wayne, Ill. Cypress I.9 | 200,000 | 150,000 | 0.058 | 0.070 | —17 
Cotcha 9 Little River Seminole, Okla. Ls Cound 3.8 | 120,000 | 135,847 0.084 | 0.077 | +9 
Remaklus 4 | Garcreek Seminole, Okla. Gilcrease 1.2 | 195,000 | 172,350 | 0.058 | 0.064 | — 9 — = —" 
close to T.D. 
Hunt 1 S. Sylvian Seminole, Okla. Cromwell 1.9 | 145,000 | 171,236 | 0.073 | 0.065 | +12 
Cotcha 20 Little River Seminole, Okla. L. Cromwell | 2.3 | 130,000 | 135,847—| 0.078 | 0.077 | + 1 
Lucy 2 Cheyraha Seminole, Okla. Booch 3-0 | 170,000 | 170,481 0.065 | 0.065 ° 
Rankin 24 | Powells Lake Union, Ky. Mansfield 4-7 32,000 | 26,262 0.24 | 0.28 —14 | Pointed kick but 
same as adja- 
cent thick sands 
Rankin 11 | Powells Lake Union, Ky. Mansfield 2.0 26,500 | 26,262 | 0.28 | 0.28 o | Same as above 
Rankin 10 | Powells Lake Union, Ky. | Mansfield ee 20,000 26,262 0.355 | 0.28 +27 | Same as above 
Rankin Powells Lake Union, Ky. | Mansfield 6.0 12,500 26,262 | 0.54 0.28 +03 
Marshall 12 | Burbank Chapel | Henderson, Ky. Cypress 6.5 | 108,000 | 100,000 | 0.09 | 0.007 | — 7 
Inez Rhea 5 | Uniontown Union, Ky. Waltersburg | 3.4 49,500 | 50,713 | 0.169 | 0.165 | + 2 
hea 4 Uniontown Union, Ky. Waltersburg | 2.1 51,000 | 51,000 | 0.164 | 0.164 ° 
1947. These logs referred to wells in oil fields in the states of Illinois, Kentucky 


and Oklahoma, and analyses were furnished of typical produced formation water 
from sands in each of these fields. 

Not all of the 48 logs could be used, and 14 were discarded for the following 
reasons: three, because the mud resistivity on the log heading was unaccompanied 
by the temperature of measurement, and 11 because the formations for which 
water analyses were available were either poorly developed or were at total 
depth, that is, the well had only been drilled into the top, and not through, the 
formation of interest and the S.P. kick was thus indeterminate. Some McClosky 
producing zones were not computed because their S.P. kicks were grossly pointed 
and obviously not fully developed. 

However, from the 34 logs which gave moderately good S.P. kicks opposite 
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formations for which the connate-water salinities were known, 39 connate-water 
salinities were computed, that is, in certain wells, as shown in the Tables I and IT, 
the connate-water salinity of more than one formation was calculated. 

The 39 S.P. kicks corresponding with the formations investigated were not 
all equally suitable for quantitative interpretation, since many were sharp and 
pointed and others gave strong indication that the formations to which they re- 
ferred were considerably interbedded with shales. Both sharp S.P. kicks and 
kicks showing shale interbedding indicate a high probability that the measured 
S.Ps. will be significantly smaller than the true electrochemical e.m.fs. of the 
appropriate shale cells (3). These kicks will thus give connate-water salinities 
which are too low and connate-water resistivities which are too high. Thus it was 


TABLE II 


RESULTS CONSIDERED UNRELIABLE FROM VISUAL INSPECTION OF LOGS 


| Salinity | Resistivity 
\(Milligrams Per Liter) (18°C.) 
Well Pool Location Formation —| Remarks 
| Calcu- | Meas- | Calcu- | Meas- 
| lated | ured lated ured 
Green 3 W. Divide | Jefferson, Ill. McClosky | 310,000 | 131,149 | 0.043 | 0.078 | — 45 Pointed S.P. 
Pittman 3 S. Stanford | Clay, Il. | Aux Vases | 143,000 | 133,332 | 0.073 | 0.077] — 5 | Kick is near T.D. 
Pittman 3 S. Stanford | Clay, Ill. | Cypress | 83,000 | 120,000 | 0.11 | 0.086 | + 29 | Pointed; lower than adja- 
| cent sands and 
| | | Springs 
Pittman 1 S. Stanford Clay, Ill. | Cypress | If0,000 | 120,000 | 0.09 | 0.086 | + 5 oo a slightly inter- 
| | | | edde: 
Green 1 Divide | Jefferson, Ill. | McClosky 175,000 | 131,149 | 0.064 | 0.078 | — 18 | Kick near T.D. 
Alva Mays 1 | Boyd | Jefferson, Ill. | Benoist 77,000 | 121 3578 | 0.118 | 0.083 | + 42 | Pointed and interbedded 
Gabriel 3 S. Stanford | Clay, Ill. | Aux Vases 120,000 | 134,000 | 0.084 | 0.072 | + 17 | Pointed and interbedded 
Remaklus 2 | Garcreek Seminole, Okla. | Booch 120,000 | 170,000 | 0.084 | 0.065 | + 29 | Pointed S.P. 
Roberts 1 Cheyraha Seminole, Okla. | Booch 140,000 | 170,000 | 0.074 | 0.065 | + 14 
Hulwa 4 Cheyraha Seminole, Okla. | Booch 210,000 | 170,000 | 0.056 | 9.065 | — 14 — S.P.; poor base 
ine 
Cotcha 14 Little River Seminole, Okla. | U. Cromwell | 110,000 | 135,847 | 0.090 | 0.075 | + 20 | Pointed S.P.; interbedded 
Patterson 2 | Garcreek Seminole, Okla. | Booch 85,000 | 170,481 | 1.09 | 0.065 | + 68 — a but moder- 
ately goo 
Patterson 2 | Garcreek Seminole, Okla. | Cromwell 112,000 | 171,238 | 0.088 | 0.065 | + 35 | Same as above 
Hunt 6 E. Haney Seminole, Okla. | Booch 110,000 | 171,000 | 0.09 | 0.065 | + 38 | Pointed S.P. 
Hunt 2 S. Sylvian Seminole, Okla. | Booch 60,000 | 171,000 | 0.143 | 0.065 | +120 | Interbedded; otherwise 
goo: 
Remaklus 1 | Garcreek Seminole, Okla. | Gilcrease 110,000 | 171,000 | 0.088 | 0.065 | + 35 | Kick low; was corrected 
Rankin 17 Powells Lake Henderson, Ky. | Waltersburg | 35,000 | 60,112 | 0.22 | 0.143 | + 54 | Very pointed S.P. 
Marshall 2 Burbank Chapel | Henderson, Ky. | McClosky 250,000 | 110,000 | 0.0498} 0.09 — 44 | Pointed S.P. | 
Rankin 12 Powells Lake Union, Ky. | Tar Springs 46,000 | 60,948 | 0.178 | 0.142 | + 25 | Pointed S.P.; interbedded 


considered advisable to divide the 39 results into two sections, Tables I and II. In 
Table I are 20 results based on S.P. kicks which appear from simple inspection 
to be reliable, that is, the kicks refer to formations which are reasonably thick 
and of low resistivity and the kicks themselves have a flat top. Examples of these 
kicks are shown in Figure 1. 

In Table IT are 19 results which refer to kicks which are pointed, which are 
measured from poorly defined shale base lines, or which refer to formations 
clearly showing shale interbedding. The reliability of these results varies since a 
rather sharp, pointed S.P. kick may be sensibly the theoretical e.m.f. of the shale 
cell or may be considerably smaller, and at present there is'no reliable method of 
assessing the error. The same is true for a moderate amount of shale interbedding 
in a thick sand. Examples of these kicks are also shown in Figure tr. 
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All the logs were run in Aquagel muds, excepting Rankin No. 9 which had 
Supergel in the hole. 

Examples of formation water analyses made by the Tulsa division are given 
in Table III. It will be appreciated that these analyses are typical of formations 
in the various fields and it is probable that some variation occurs in any sand from 


TABLE III 
Some TypicaAL WATER ANALYSES 


State Oklahoma Oklahoma Illinois Illinois Kentucky Kentucky 
Field Little River Garcreek Bible Grove Bible Grove Powells Lake Uniontown 
Sand Cromwell Gilcrease Cypress McClosky Mansfield Waltersburg 
Na 41,334 51,506 44,126 45,607 95775 18,485 
Ca 8,420 12,252 3,504 6,820 134 372 
Mg 1,882 1,896 1,201 1,818 169 625 
SO, 100 80 nil 460 trace 400 
Cl 83,940 106 480 77,649 87,230 15,266 30,482 
HCO; 171 136 146 197 g18 348 
Total solids 135,847 172,350 126,626 142,132 26,262 50,713 
Specific gravity 1.104 1.125 1.088 1.101 1.021 1.040 


Analyses in mg./liter 


well to well in the same field. However, normally such differences should not 
introduce serious errors. Where the analysis of the water in a particular forma- 
tion was not available, the computed salinity and resistivity have been compared 
with the mean value of the same quantities in the same formation in adjacent 
fields. For such formations as the Cypress and Tar Springs in Illinois this is prob- 
ably justifiable. 


METHOD OF CALCULATION OF SALINITIES AND RESISTIVITIES 


The S.P. kicks were measured from the shale base line in the usual manner 
and the corresponding ratio of the connate-water activity to the mud activity 
(based on NaCl solutions) was found from curves (1, Fig. 1) The formation 
temperature used was derived either from bottom-hole temperatures when they 
were available on the logs, from the literature, or by assuming a reasonable 
temperature gradient in the hole. Errors from the use of incorrect formation tem- 
peratures are probably small. 

The mud resistivity was then assumed to depend solely on sodium chloride 
in solution, and from a computed curve the equivalent sodium chloride activity 
of the mud was found. This value multiplied by the previously determined ac- 
tivity ratio gave the sodium chloride activity of the connate water. The use of a 
curve then converted the connate-water activity to mg./liter sodium chloride and 
also gave the connate-water resistivity at 18°C., a temperature used as a com- 
parative standard in this work. The curves used were computed by the method 
described in the Introduction. 
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In Tables I and II the computed salinities have been compared with the 
measured values or the best estimates of the measured values obtained as 
previously described. The resistivities computed and those measured at 18°C. 
(based on the total solids in mg./liter being NaCl) are also shown. Since the com- 
puted values are of significance in the quantitative analysis of the log for connate- 
water saturation, a column showing percentage of error between the computed 
and measured resistivities as a percentage of the measured value is included in 
the tables. 

It should be remembered when assessing these errors that a zero percentage 
error is likely to coincidental. Even if all the log data were perfectly accurate 
there are many unavoidable errors and approximations in the computation of the 
connate-water salinities. Also, the scales of the activity and resistivity curves 
can not be read with perfect precision, and the treatment of the measured total 
solids in the formation waters as pure sodium chloride is an added unavoidable 
approximation. It should be recollected also that the possible errors could be 
many hundreds per cent if the computed salinities were either very low or very 
high. 


STATISTICAL ANALYSIS OF RESULTS 


The object of the statistical methods used was to determine whether or not 
the errors between computed and measured resistivities were significantly dif- 
ferent from zero. In particular, it was of interest to find whether the errors were 
greater for the results in Table II (as was suspected from a simple visual inspec- 
tion of the logs) than for those in Table I (which from present knowledge would 
be assumed to be fairly reliable). 

A second object was to ascertain whether there was any correlation between 
the errors in Table I and the true connate-water resistivities, or between the 
errors and the resistivities of the Aquagel muds used. 

The second object arises from theoretical considerations. It is known that 
membrane potentials of the type apparently operative in shales are affected by 
the concentrations of the solutions which the membranes separate. In particular, 
the potential across the membrane becomes less than the theoretical Nernst po- 
tential if the concentration of one of the solutions becomes very high. Since the 
connate-water resistivity depends on its solute concentration, a correlation be- 
tween error and resistivity might indicate a concentration effect. 

Errors possibly due to the resistivities of the Aquagel muds used arise, first, 
from the assumption that the resistivities of these muds result wholly from the 
conduction effects of such simple electrolytes as sodium chloride, sulphate, car- 
bonate, or bicarbonate. At moderate mud resistivities this is approximately 
true, since the dissociation of sodium ions from the clay micelles of the Aquagel 
is suppressed by the comparatively high concentration of sodium ions resulting 
from other dissolved sodium salts. At high mud resistivities, however, the 
clay micelles may provide a very significant percentage of the total sodium ion 
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A. STANDARD DEVIATION, MEAN AND MEDIAN FOR RESULTs IN TABLES I AND IT 
All 39 results obtained were first considered. 


Number of results 39 
Mean error 14.23% 
Median error 9% 
Standard deviation 31.97% 


Calculation shows that the statistic ¢ is equal to 2.74. For 38° of freedom ¢ should be 2.028 or less if 
the mean error is not to be significantly different from zero. Since the ¢ obtained is greater than 
2.028 it follows that the mean error is definitely greater than zero, that is, the average calculated 
resistivity for these 39 results is too high, or, what is the same thing, the average salinities are too low. 


B. STANDARD DEVIATION, MEAN AND MEDIAN FOR RESULTS IN TABLE I 


Number of results 20 
Mean error 7.5% 
Median error 1% 
Standard deviation 23.79% 


Calculation shows that the statistic ¢ is equal to 1.38. For 19° of freedom if ¢ is less than 2.093 the 
mean value is not significantly different from zero. Since the calculated ¢ is less than 2.093, for the 20 
results considered the mean error is essentially zero. 


C. STANDARD DEVIATION, MEAN AND MEDIAN FOR RESULTS IN TABLE IT 


Number of results 19 
Mean error 21.3% 
Median error 25% 
Standard deviation 27.4% 


Calculation shows the statistic ¢ is equal to 2.39. For 18° of freedom if ¢ is not less than 2.101 the mean 
is significantly different from zero. Since the calculated ¢ exceeds 2.101 the mean is significantly differ- 
ent from zero and the mean of the 19 results in Table IT is, therefore, significantly greater than zero. 
As would be expected from A and B, the 19 results in Table II on the average show a salinity which is 
definitely too low. 


D. DETERMINATION OF COEFFICIENT OF CORRELATION BETWEEN ERRORS AND MEASURED 
CONNATE-WATER RESISTIVITIES FOR RESULTS IN TABLE I 


By calculation the coefficient of correlation, r, is found to be 0.3772. For the number of results avail- 
able r must be as big or bigger than 0.444 if the correlation is to differ significantly from zero. Since 
the calculated r is less than 0.444, there is no significant correlation between the errors and the 
connate-water resistivities. 


E. DETERMINATION OF COEFFICIENT OF CORRELATION BETWEEN ERRORS AND AQUAGEL Mup 
RESISTIVITIES FOR RESULTS IN TABLE I 


By calculation the coefficient of correlation, 7, is found to be 0.456. For the number of results available 
r must be as big or bigger than 0.444 for the correlation to differ significantly from zero. Since the 
calculated r exceeds 0.444, there is a significant correlation between the errors and the resistivities of 
Aquagel muds. 


activity of the mud (4) and the normal assumption that the sodium ion activity 
results from sodium chloride or other sodium salts is seriously in error. A high 
resistivity Aquagel mud is in its electrochemical effects equivalent to a sodium 
chloride solution of considerably lower resistivity. A second analogous effect in 
the case of high-resistivity Aquagel muds is that the cationic activity of the 
mud filtrate may differ from that of the mud. The assumption that the mud filter 
cake separates fluids of the same activity thus becomes invalid and a potential 
may be set up across the filter cake itself. This potential is a consequence of the 
fact that the mud filter cake may possess some of the electrochemical character- 
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istics of a shale. If the activity of the mud is greater than that of its filtrate this 
filter cake potential will slightly increase the magnitude of the total electrochemi- 
cal e.m.f. Consequently, a correlation between error and mud resistivity might 
indicate that these effects were significantly affecting the results obtained. 

The statistical criteria calculated are here presented. These are based on stand- 
ard statistical tables (5). 


CONCLUSIONS 


Statistical analysis of 39 computed salinities composed of 20 results which a 
visual inspection of the log would indicate as being reliable, and 19 which a visual 
inspection would reject as unreliable, shows the following. 

1. The interpretation of good S.P. kicks with flat tops corresponding with 
sands which do not show heavy shale interbedding will give, on the average, 
connate-water resistivities which are essentially correct, and these conditions may 
be estimated visually from the log. 

2. The quantitative theoretical interpretation of the electrochemical e.m.f. 
is reasonably satisfactory. 

3. Calculations based on S.P. kicks which are pointed or which indicate shale 
interbedding in the formation will show, on the average, high connate-water 
resistivities. This means that good results can not be expected for thin beds. 

4. The agreement between calculated and measured connate-water resistivi- 
ties does not appear to depend significantly on the concentration of the brine in 
the connate water for concentrations of total solids up to approximately 170,000 
mg./liter. 

5. For Aquagel muds, there is a significant degree of correlation between the 
mud resistivity and the magnitude of the error between calculated and measured 
connate-water resistivities. 

The agreement between measured and calculated resistivities is generally 
satisfactory and even the 19 results considered unreliable show salinities of the 
right order of magnitude. One serious anomaly was noted which has not been 
brought out fully in either Table I or IT. The McClosky producing zone shows 
errors of — 44%, —45%, and —18% in Table II. These results were for pointed 
S.P. kicks. Other McClosky kicks, not reported, were so excessively pointed as to 
be manifestly lower than the maximum theoretical S.P. However, the magnitude 
of some of these very pointed S.P. kicks was more than 200 m.v. and it is clear 
that the computed salinities would be in excess of 400,000 mg./liter. No McClosky 
analysis exceeds 147,279 mg./liter, and the salinity of the McClosky is nearly 
constant at this or lower values. The analyses of the McClosky waters show cal- 
cium and magnesium ion contents higher than in the other formation waters, 
but as now known the presence of these ions in solution would not be solely re- 
sponsible for the abnormally high S.P. values recorded. 

A significant amount of potassium or other alkali cation if present with the 
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sodium, would lead to sodium chloride salinities which were too high, but the 
error appears to be too large for this explanation even if all the sodium present 
was actually potassium. 

The anomalous McClosky S.P. values may indicate that a streaming poten- 
tial of approximately 40 m.v. is being superimposed on the electrochemical poten- 
tial, or it may mean the presence of other and as yet unrecognized forms of elec- 
trochemical potential. The available data do not permit definite elucidation of 
this point. 
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. Fisuer, R. A., Siotistical Methods for Biological Agricultural and Medical Research, pp. 26 and 36. 
Oliver and Boyd, London (1938). 


> Wn 


= 
| 
i 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 33, NO. 11 (NOVEMBER, 1949), PP, 1901-1903, 1 FIG, 


GEOLOGICAL NOTES 


OVERLAP AND NON-CONFORMITY! 


FREDERIC H. LAHEE? 
Dallas, Texas 


There has been considerable discussion on the confusion which exists in geo- 
logical nomenclature concerning distinction between overlap and the somewhat 
similar appearing truncation of regularly inclined strata beneath an unconform- 
ably overlying younger stratum.’ Actually there is no genetic similarity between 
the two phenomena, and the structural similarity is not real. 

Overlap is properly applied to the relation between a series of beds (or strata), 
within a conformable series, where, successively, each younger bed extends be- 
yond the edge of the next older bed and so overlaps the latter. This relation may 
occur (and commonly does occur) at a surface of unconformity where, as deposi- 
tion progresses, the thickening formation encroaches on the old erosion surface; 
but association with a surface of unconformity is not essential in the definition. 
Overlap may be transgressive or regressive, and it may be developed in sedi- 
mentation which is marine, or lacustrine, or terrestrial. Without exception, there 
is a connotation of imbricating layers, younger layers covering and extending 
beyond the edges of older layers, and in a certain way, also, there is an included 
connotation of this process as progressive. 

The relation of truncation is very different. Here one layer or formation lies 
unconformably (non-conformably) on the bevelled edges of a series of older 
eroded layers. There is no overlap in the sense of progressive imbrication—pro- 
gressive in time as well as in place. The overlying formation covers the older 
series en masse, and the false appearance of overlap in the older series is not at 
all overlap in the sense of younger beds lapping over the edges of older beds. 

These two features of true overlap and truncation of inclined beds below a 
non-conformity are so completely different—genetically and structurally—that 
we believe any attempt to bring them both under one classification or under the 
same group name is illogical and ill-advised. They should be kept distinct, and 
if some new term is sought for the second feature as here described (truncation), 
it should neither imply, nor refer to, overlap. This word, overlap, should be re- 
stricted to the group of features which it correctly describes, although within 
its scope there may be special variety names, such as onlap (transgressive over- 
lap) and offlap (regressive overlap). 


1 Manuscript received, September 2, 1949. 
2? Geological and research counselor, Sun Oil Company. 


3 Frank A. Melton, “‘Onlap and Strike-Overlap,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 31, No. 
10 (October, 1947), pp. 1868-78; H. R. Lovely and Frank A. Melton, “Onlap and Strike-Overlap,” 
ibid., Vol. 32, No. 12 (December, 1948), pp. 2295-97. 
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MINIATURE STADIA ROD: A TEACHING AID! 


SAMUEL P. ELLISON, JR? 
Austin, Texas 


Miniature stadia rods, small-scale replicas of ordinary rods, are useful in 
teaching field-geology students how to operate on alidade. The tiny rods permit 


Fic. 1.—Miniature stadia rods. 


A. Scale is one-twelfth of regular 14-foot rod, 0.33 inch wide, 14 inches long. One inch represents 


one foot. 
B. Scale is one-twenty-fourth of regular 14-foot rod, 0.17 inch wide, 7 inches long. One-half inch 


represents one foot. 
C. Scale is one-tenth of international 4-meter rod, 0.8 centimeter wide, 40 centimeters long. 


10 centimeters represent one meter. 


1 Manuscript received, September 26, 1949. 


2 Department of geology, University of Texas. For valuable discussions on this subject apprecia- 
tion is expressed to G. A. Muilenburg, R. K. DeFord, A. H. Deen, H. A. Ireland, H. P. Bybee, and 
I. J. Anderson. 
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the student unlimited practice in reading the instrument without the need of a 
rod man. Further, the practice may be carried on indoors during inclement 
weather or at night. The instrument operator simply assumes that the little rod 
he sees through the instrument is a full-scale rod and all calculations and map 
plotting are made in a normal way. The rods may be set up in the laboratory by 
the instructor to cover all of the various techniques applying to plane-table and 
alidade operation. Most important, the instructor may give quizzes on instrument 
reading, requiring every student to have mastery of the methods. Such quizzes 
eliminate the problem created by students who deliberately avoid their turn at 
the instrument for an easier task in the field of holding the rod. The use of minia- 
ture rods is a supplement to, and not a substitute for, regular field instrument 
training. 

The writer does not know who originated the idea of miniature rods and he is 
not aware of any literature on the subject. Certainly, the idea is not new because 
tiny rods are known to have been in use at least 10 years ago at the University of 
Missouri, Columbia, Missouri, and the University of Missouri School of Mines 
and Metallurgy, Rolla, Missouri. The rods were introduced in the University of 
Texas Tertiary field course in 1949. 

The model rods used by the writer at the University of Missouri School of 
Mines and Metallurgy and at the University of Texas were drafted on drawing 
paper. The paper was trimmed and glued to a piece of wood of proper size. This 
was then attached to a suitable support or base so that the rod would stand ver- 
tically. The most convenient scale employed was one-twelfth the size of a stand- 
ard rod. As shown in Figure 1, this rod is 0.33 inch wide, 14 inches long, and 
made so that one inch represents one foot. For practice on long distance shots and 
for use in small rooms a scale of one-twenty-fourth the size of a standard rod was 
used. A replica of a 4-meter rod was constructed to a scale one-tenth the size of a 
regular rod for the purpose of giving practice to those students planning to do 
instrument work abroad. In selecting rod patterns the suggestions outlined by 
Cox, Dake, and Muilenburg’ for greater visibility range were adopted. 


3G. H. Cox, C. L. Dake, and G. A. Muilenburg, Field Methods in Petroleum Geology, pp. 71-75. 
McGraw-Hill Book Company, New York (1921). 


EXPLORATORY DRILLING IN NORTH CAROLINA IN 1946! 
FREDERIC H. LAHEE? 
Dallas, Texas 
“Exploratory Drilling in 1946,” published in the June number of this Bulletin 
in 1947, failed to include six dry exploratory holes, all new-field wildcats, with a 
total of 30,182 feet, drilled in 1946 in North Carolina. 


1 Manuscript received, November 1, 1949. 
2 Geological and research counselor, Sun Oil Company. 
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DISCUSSION 


NAMES OF SOME SUBSURFACE STRATIGRAPHIC UNITS IN TEXAS! 


MERLE C. ISRAELSKY? 
Pasadena, California 


In general the subsurface paleontologist and stratigrapher will approve the recom- 
mendations made in Note 4 of the American Commission on Stratigraphic Nomenclature.’ 
The writer is inclined to doubt, however, the accuracy of the statement in item 4: “‘that 
subsurface formations now are studied and analyzed with a degree of precision that was 
impossible fifteen years ago.” 

It is believed that in the Gulf Coast province the aggregate length of the cores now 
taken is much less than it was before the widespread use of the electric log. That a new 
tool, however useful, has been permitted to replace other sources of information rather than 
supplement them is regrettable. It is true that cores now taken are subjected to a scrutiny 
much more exhaustive than in the past, but from the engineering rather than the strat- 
igraphic viewpoint. In fact, the laboratory worker on subsurface geology may never re- 
ceive any portions of reservoir cores. The use of shaker cuttings for foraminiferal study, 
rather than the old type ditch samples also reduces the number of foraminifera found, 
because the possible microfossil content of sands and easily slaking claystones are now 
largely lost to the laboratory worker. 

Also, objection is made to part of item 11 of the Note in which the current usage of the 
term Frio in the subsurface is cited as illustrating the desirability of renaming a surface 
unit because of the inaccurate application of its name to a subsurface unit. It may well be 
that the usage of Frio in the subsurface is now so widespread and firmly established in 
the literature that it must be maintained. The objectionable part of item rr is the state- 
ment that no one has seen fit to try to correct the inaccurate application of the term Frio 
in the subsurface. This statement ignores two published protests against this erroneous 
application. Alexander Deussen and Kenneth Dale Owen,‘ about ten years ago, recognized 
that the outcrop Frio and the subsurface “Frio sand” (p. 1617) are not equivalent. This is 
shown on their two cross sections (Figs. 2 and 3), on their diagrammatic sections (Figs. 
5 and 6), and in Table I, p. 1633. Further, they showed the subsurface “Frio,” the‘‘Mid- 
dle Oligocene’”’ marine wedge, and the reduced Catahoula of the subsurface as all being 
equivalent to the Catahoula tuff or Gueydan of the outcrop. They suggested that the 
name ‘‘Van Vleck sands” be used for the subsurface unit, rather than “Frio.” They also 
suggested names and type localities for the marine wedge member and the sands above 
the marine wedge. Their excellent suggestions seem to have been ignored by most later 
workers. While the preceding paper was in press, a second’ was written, reaching nearly 
the same conclusions. 


1 Manuscript received, March, 1949. Published by permission of the director of the United States 
Geological Survey. 

, 2 United States Geological Survey. Division of Geological Sciences, California Institute of Tech- 
nology. 

3 Wayne V. Jones and Raymond C. Moore, ‘“‘Naming of Subsurface Stratigraphic Units,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 32, No. 3 (March, 1948), pp. 367-71. 

4 Alexander Deussen and Kenneth Dale Owen, ‘‘Correlation of Surface and Subsurface Forma- 
tions in Two Typical Sections of the Gulf Coast of Texas,” zbid., Vol. 23, No. 11 (November, 1939), 
Pp. 1603-34. 

5M. C. Israelsky, ‘‘Notes on the Frio,” ibid., Vol. 24, No. 2 (February, 1940), pp. 377-82. 
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Shortly thereafter, Phil F. Martyn and Charles H. Sample,® for the first time, clearly 
defined the Frio in its present popular usage. The Frio as thus defined is a part of Dumble’s 
original Frio;? hence, there can be no legalistic objections to such restriction. The East 
White Point field would thus provide the type section of the Frio according to the plan 
for establishing subsurface type sections set forth in item 11. It is interesting to note 
Martyn’s change from an earlier point of view.* Accepting the Frio in its redefined sense, 
correlations with surface outcrops show it to be. part of T. L. Bailey’s? Gueydan, or the 
Catahoula tuff. This tuffaceous group seems to be the equivalent of the Catahoula sand- 
stone of Louisiana, the type locality for the Catahoula. The Catahoula, in its downdip 
occurrence both in Louisiana and Texas, is split by a marine wedge which was formerly 
called the ‘‘Middle Marine Oligocene” but has now been termed the Anahuac forma- 
tion.!° Thus, in effect, these two lithologic units, Frio (redefined) and Anahuac are removed 
from the unit originally called Catahoula, and in common practice only that part of it 
lying above the Anahuac is referred to as Catahoula in the subsurface. If we extend the 
thesis that general subsurface usage must be accepted, it seems that the outcrop Cata- 
houla of Louisiana must also be redefined. 

It is also desired to consider briefly the current subsurface usage of two other names, 
Cockfield and Hackberry, and some implications arising therefrom. Yegua and Cock field 
are names originally applied to equivalent surface Jithologic units, mappable one into the 
other, from Texas to Louisiana. This seems to be generally accepted. 

About 1930, laboratory reports appeared listing “‘Cockfield forams” as occurring above 
“YVegua forams.” This unfortunate usage of Cockfield spread rapidly among the commer- 
cial laboratories and soon appeared in the literature," all without formal explanation of the 
neologism. 

In 1934, however, Hanna and Gravell correctly placed the Nonionella zone in the Ye- 
gua, and with this the writer concurred in 1935.!2 Later in 1935, he stated that ‘‘The 
Cockfield formation of the Louisiana outcrop and the adjacent and equivalent Yegua of 
northeast Texas from which Nonionella cockfieldensis was described are essentially del- 
taic deposits having their inception in late Claiborne time and continuing into Jackson 
time.””8 The usage of Cockfield for a subsurface unit overlying Yegua still continues.“ 


6 Phil F. Martyn and Charles H. Sample, ‘Oligocene Stratigraphy of East White Point Field, 
San Patricio and Nueces Counties, Texas,” ibid., Vol. 25, No. 11 (November, 1941), pp. 1967-2000. 


™M. C. Israelsky, op. cit., p. 377. 
8 FE. H. Finch, P. F. Martyn, O. G. Bell and R. F. Schoolfield, ‘‘Yeager Clay,” ibid., Vol. 15, No. 


8 (August, 1931), pp. 967-70. 
9M. C. Israelsky, op. cit., p. 377. 
10 Alva C. Ellisor, ‘‘Anahuac Formation,” ibid., Vol. 28, No. 9 (September, 1944), pp. 1355-75. 


11 Alexander Deussen, ‘‘Oil-Producing Horizons of Gulf Coast in Texas and Louisiana,” zbid., 
Vol. 18, No. 4 (April, 1934), pp. 500-18; Table I, p. 501. Cockfield (Nonionella cockfieldensis zone) 
is used as a subdivision of the Yegua. 

12 Roy T. Hazzard and B. W. Blanpied, ‘‘Guidebook of the Eleventh Annual Field Trip of the 
Shreveport Geological Society in Southeast Mississippi” (1934), with a correlation chart by Hanna 


and Gravell, reproduced in the following reference. 
Merle C. Israelsky, Review of ‘‘Guidebook of the Eleventh Annual F ield Trip of the Shreveport 


Geological Society in Southeast Mississippi,” Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No. 4 (April, 


1935), PP- 571-75. 
13 Merle C. Israelsky, ‘“Tentative Foraminiferal Zonation of Subsurface Claiborne of Texas and 
Louisiana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No. 5 (May, 1935), p. 690. 
4 W. L. Goldston, Jr., and George D. Stevens, “‘Esperson Dome, Liberty County,Texas,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 18, No. 12 (December, 1934), pp. 1632-54. On p. 1640 Cock- 
field and Yegua are termed members, the first lying on the second, as illustrated in Figs. 4 and 5. 
Selwyn O. Burford, “Structural Features of Brenham Salt Dome, Washington and Austin 
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The truth is that the Yegua-Cockfield lithologic sequence straddles the line between the 
Jackson and Claiborne faunal divisions, or, in other words, includes the final offlap of the 
Claiborne and the onlap of the Jackson. Outside Texas, Cockfield continues to be used as 
the equivalent of the Yegua, not as a subdivision thereof. 

It seems that “‘Cockfield”’ as used in the subsurface of Texas is as much in need of re- 
consideration as “Frio.” 

Perhaps with “Hackberry,” we may yet be forehanded. The term “Hackberry” was 
applied to a foraminiferal assemblage lying below that of the Anahuac and above the 
Vicksburg, and was meant simply to denote that the first recorded occurrence of the 
assemblage was on the Hackberry dome. It was not meant to have either time or litho- 
logic significance. Yet it is regularly being so used in the subsurface departments of nu- 
merous companies, and unless the practice is stopped, one foresees “Hackberry” creeping 
into the literature in a formational sense. This is to be deplored as the name “Hackberry” 
is several times preoccupied.!* The “Hackberry” is mainly claystone, the downdip equiva- 
lent of the abbreviated “Frio,”’ of current subsurface usage, and is deserving of a name. 

Obviously there will always be difficulty in achieving complete standardization of the 
names of stratigraphic units. The foregoing review of some peculiarities of current usage in 
the subsurface of Texas suggests that this is true even when there is no essential disagree- 
ment about the correlations of the units involved. It also suggests the need for caution in 
so revising the standards of stratigraphic nomenclature as to grant subsurface units 
equivalent standing to surface units, until it is more evident that full and accurate usage 
has been made of the surface nomenclature available. 


Counties, Texas,” ibid., Vol. 19, No. 9 (September, 1935), pp. 1330-38. Cross section (Fig. 2 shows 
Cockfield as a member of the Yegua formation. 

Alexander Deussen, and E. W. K. Andrau, ‘‘Orange, Texas Oil Field,” 7bid., Vol. 20, No. 5 (May, 
1936), pp. 531-59. In section on p. 540, Cockfield is used as a formation in the Yegua group. 

Frank W. Michaux, Jr., and E. O. Buck, ‘“‘Conroe Oil Field, Montgomery County, Texas,” 
ibid., Vol. 20, No. 5 (May, 1936), pp. 736-79. Cockfield used as a member of the Yegua formation 
(Fig. 2 on p. 742, and p. 745). 

Herschel H. Cooper, “Occurrence and Accumulation of Oil in Laredo District, Texas,” ibid., 
Vol. 21, No. 11 (November, 1937), pp. 1422-38. Cockfield used as a formation overlying the Yegua 
formation (p. 1426). 

Alexander Deussen, and Kenneth Dale Owen, “‘Correlation of Surface and Subsurface Forma- 
tions in Two Typical Sections of the Gulf Coast of Texas,” ibid., Vol. 23, No. 11 (November, 1939), 
pp. 1603-34. Cockfield used as the upper member of the Yegua (p. 1609, Figs. 2 and 3). 

Harvey Whitaker, ‘‘Hoffman Field, Duval County, Texas,” zbid., Vol. 24, No. 12 (December, 
1940), pp. 2126-42. Cockfield used as a formation overlying the Yegua formation (Table I, p. 2129). 

R. L. Beckelhymer, “‘Stratigraphy of Waller and Harris Counties, Texas,” ibzd., Vol. 30, No. 1 
—; 1946), pp. 52-62. Cockfield used as the upper member of the Yegua formation (Fig. 2, p. 
553 P- 50). 

A. P. Allison eZ al., “Geology of Katy field, Waller, Harris, and Fort Bend Counties, Texas,” 
ibid., Vol. 30, No. 2 (February, 1946), pp. 157-80. Cockfield used as the upper member of the Yegua 
formation (p. 165, Fig. 38, p. 167). 

18 J. B. Garrett, ‘‘The ‘Hackberry’ Assemblage—An Interesting Foraminiferal Fauna of Post- 
Vicksburg Age from Deep Wells in the Gulf Coast,” Jour. Paleon., Vol. 12, No. 4 (1938), pp. 309-17. 


16 M. Grace Wilmarth, ‘Lexicon of Geologic Names of the United States,” U. S. Geol. Survey 
Bull. 896, Pt. 1 (1938), pp. 893-04. : 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library, and are available, for loan, to mem- 
bers and associates. 


GUIDEBOOK, FOURTH ANNUAL FIELD CONFERENCE, POWDER 
RIVER BASIN, WYOMING, 1949, BY WYOMING GEOLOGICAL 
ASSOCIATION 


REVIEW BY PHILIP W. REINHART! 
Casper, Wyoming 


*Guidebook, Fourth Annual Field Conference, Powder River Basin, August 9-13, 1949, by 
Wyoming Geological Association. 102 pp., 23 geologic, structural, and facies maps, in- 
cluding three large, folded maps; 4 index maps; 9 geologic columnar sections, including 
one with radioactivity log; 7 stratigraphic correlation charts, including 2 large, electric- 
log charts; 5 pages of photographs; 8 geophysical maps (7 gravimeter and 1 magnetome- 
ter); 1 physiographic diagram; 1 oil-field penetration chart; 1 geophysical activity 
diagram; 1 geologic map index and bibliography. Heavy paper cover, plastic, wide- 
opening binder, 8.5 X11 inches. Published and sold by the Wyoming Geological Associ- 
ation, Box 545, Casper, Wyoming. Price, $5.00, prepaid. 


Published in connection with the Wyoming Geological Association’s Fourth Annual 
Field Conference, this guidebook not only served its purpose admirably during the con- 
ference, as road log and reference manual, but has already won assurance of a place of per- 
manent usefulness in the working library of everyone concerned with the geology and oil 
development of Wyoming. The committee, under whose able guidance the conference was 
organized and the guidebook published, consisted of the following: G. W. Berry, general 
chairman; Page T. Jenkins, guidebook editor; H. D. Hand, road log editor; J. F. Fouts, 
accommodations; George L. Goodin, registration; Frank A. Morgan, Jr., caravan; Victor 
H. King, advertising. 

The Road Logs of Scheduled Trips describe in detail the 490 miles of highway and dirt 
road traversed by the conference caravan during the three field days, covering the entire 
west flank of the Powder River Basin from the Montana state line to Casper, 150 miles 
south. The road logs are illustrated with geologic sketch maps, structure sections, and 
stratigraphic charts. Variety and interest are added by the appendage of notes on frontier- 
day history and folk-lore, including a fabulous account of the exploits of the Lake De 
Smet Monster. The Exit Road Logs, included for the purpose of adding interest to auto- 
mobile trips elsewhere in the basin than along the route covered by the conference, 
describe the geology along most of the commonly traveled roads throughout the interior 
and eastern margin of the basin, totalling 781 miles. A Flight Log of the Powder River 
Basin was prepared in connection with an airplane trip, taken on the final day of the 
conference, which covered a circular route of more than 500 miles around the entire 
Wyoming part of the basin. 

Approximately two-thirds of the book is devoted to papers on regional geology and on 
oil fields. The Papers on Regional Geology include two on structure, two on stratigraphy, 
one on gravitational and magnetic exploration, and one on photogeological analysis. The 
following is a list of titles in this category: “Structural Pattern of the Powder River Basin,” 
by D. L. Blackstone, Jr.; “Structure of the Tongue River Area, Big Horn Mountains, Wy- 
oming,” by Frank W. Osterwald; “Summary of Paleozoic Stratigraphy of the Powder 


1 Senior geologist, Shell Oil Company. Review received, September 20, 1949. 
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River Basin,” by Horace D. Thomas; “Mesozoic Rocks of the Northern Powder River 
Basin, Wyoming,’’ by George R. Downs; “A Discussion of the Application of the Gravi- 
tational and Magnetic Methods of Exploration to the Powder River Basin,” by Willis H. 
Fenwick; and “Methods of Photogeologic Evaluation in a Tertiary Basin,” by Laurence 
Brundall. 

Blackstone’s paper encompasses the structure of the entire basin, in Montana as well 
as Wyoming, building up the concept of the whole by discussion of successive parts of the 
basin. Particular emphasis is laid on the western margin which, because of its relative 
complexity, is of greater structural interest than the eastern part. Of considerable interest 
is the discussion of the relation between the steepness of the Big Horn mountain front 
and the development of folds along the adjacent basin margin. In Osterwald’s paper, at- 
tention is focused on a relatively small area (approximately 150:square miles) of pre- 
Cambrian and Paleozoic rocks along the crest of the northern part of the Big Horn Moun- 
tains. By mapping dip and strike observations on planar foliation in granite, the author 
worked out a large north-northwest plunging “‘syncline” in these rocks which has a trend 
in general similar to the trend of the Big Horn Mountains. Shear zones in the granite, 
which outline a rectangular, block-like pattern, are described. After comparing the struc- 
tural features of the pre-Cambrian rocks with those of the Paleozoic strata, the author con- 
cludes in part, that 
Laramide deformation along these pre-Cambrian structural features has produced folding and 
faulting of Paleozoic and Mesozoic sediments, by adjustment to vertical block movements in pre- 
Cambrian rocks. The locus of the eastward margin of the range has probably been determined by a 
change to more gneissic rock types. 


The first of the two papers on stratigraphy, by Thomas, describes in lucid style the 
more important facts concerning the composition, thickness, occurrence, and age and cor- 
relation of the various Paleozoic formations. The stratigraphy of the Cambrian, Ordovi- 
cian, and Mississippian formations is relatively simple as compared with the complexities 
of the Pennsylvanian and Permian beds, in which important changes of facies occur. For 
example, the relationship of the Tensleep to the Minnelusa, Hartville, and Casper forma- 
tions, in which facies changes are involved, is discussed fully and clearly. An appended 
correlation chart is very useful for quick reference. 

The second paper on stratigraphy, by Downs, ably describes the Mesozoic formations 
in detail, discussing their distribution, thickness, composition, environmental conditions 
of deposition, and age and correlation. The confusing array of formational names in current 
usage on the west and east sides, respectively, of the basin is brought to order in the dis- 
cussion and by means of a detailed correlation chart. 

The paper by Fenwick, on gravimeter and magnetometer exploration, is a very clear, 
informative discussion which fairly brings out the weak as well as the strong points of the 
methods dealt with. It was written specifically for the geologist with little or no knowledge 
of geophysics, and in simple language describes the various factors which enter into ap- 
plication and interpretation of gravimeter and magnetometer surveys. For this reason, it 
will be welcomed by those who normally recoil from pages bristling with mathematical for- 
mulas. In essence, the application of these methods to oil exploration is based on analogy; 
known structural features around the rims of the basin have been surveyed and con- 
toured, and exploration has been pushed out into the interior of the basin where struc- 
tural conditions are not apparent, with the hope that unknown, buried structures will be 
similarly reflected in the contour pattern. Although gravity surveying has been successful 
in mapping structures in areas where Lance and older rocks are exposed at the surface, as 
is well illustrated by a series of total and residual gravity maps accompanying the report, 
the results in the Eocene-covered part of the basin have so far been inconclusive, possibly, 
as pointed out, because of lack of knowledge of structural conditions, which causes the 
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relationship between structure and gravity anomaly to remain problematical. Most of the 
foregoing discussion is based on gravity rather than magnetic surveys, as the amount of 
detailed magnetic work done in the basin is said to be comparatively negligible. 

Brundall’s discussion of photogeology consists of a detailed exposition of the various 
procedures followed by Geophoto Services, from the beginning to the end of a photogeo- 
logic mapping project. Recommended specifications for adequate photographs will be 
helpful to those interested in attempting photogeologic work. A scale of 1:20,000 is 
considered adequate for most Tertiary basin photogeologic work, and a camera with 
8}-inch focal length lens is recommended as best suited to the purpose. The limitations 
of the photogeologic method are discussed, and the necessity of a field check pointed out. 
For example, in some areas, outcrops clearly visible on the ground can not be detected in air 
photographs, and yet in other areas, features visible on photographs are difficult to discern 
on the ground. Thus photogeology, which is described as a specialized type of surface 
mapping, and geologic field work are mutually supplemental. Photogeology has won its 
place as an exploration tool by its speed and relatively low cost of coverage, which permits 
the intelligent selection of certain areas of anomalous structure for more detailed investi- 
gation by surface mapping or seismic work. 

The following oil field papers comprise the remainder of the text of the book: ‘““New- 
castle Sandstone, Upper Cretaceous, Wyoming,” by H. E. Summerford, E. E. Schieck, and 
T. C. Hiestand; “Résumé of the Oil and Gas Fields along the Eastern Margin of Powder 
River Basin, Wyoming,” by William G. Dady; “Billy Creek Gas Field,” by W. A. Bram- 
lette; “Tisdale Anticline,” by Ben Hudson; ‘Lance Creek, East Lance Creek, and Little 
Buck Creek Oil Fields, Niobrara County, Wyoming,” by Rolland W. McCanne; “Big 
Muddy Oil Field, Converse County, Wyoming,” by W. G. Olson; “The Salt Creek Oil 
Field,” by R. W. Mallory; and “Production of Crude Oil and Gas in the Powder River 
Basin, Wyoming,” compiled by Petroleum Information, Inc. 

This series of papers describes in detail the geology and oil production of most of the 
oil and gas fields encircling the Wyoming part of the Powder River Basin. All are written 
by specialists, and for the most part the papers are well illustrated by maps, columnar 
sections, and structure sections. The Newcastle Sandstone paper gives a detailed account 
of the stratigraphy and structure of the producing oil zones of the Mush Creek-Skull 
Creek area on the east flank of the Powder River Basin. This area is of particular interest 
at the present time because of the recency of its development, and because it is one of the 
few areas of stratigraphic-trap accumulation in the Rocky Mountains. Illustrations are 
excellent, consisting of geological and facies maps and detailed electric-log stratigraphic 
cross sections. 

Space does not permit a detailed discussion of the other oil field papers, although it 
should be pointed out that they contain a wealth of information, geological and historical. 
The Tisdale anticline is included in this series, even though it does not produce oil, because 
it is an exceptionally large structure on which approximately 30 exploratory wells have 
been drilled, the most recent of which was drilled into the pre-Cambrian basement. 
One fact stands out clearly in the review of these several papers: the Powder River Basin 
fields, in sharp contrast to those of the Big Horn and Wind River basins, produce most of 
their oil from Cretaceous and Jurassic reservoirs and—with the exception of Lance Creek 
—only little from the Pennsylvanian. Furthermore, although the Mississippian produces 
important quantities of oil elsewhere in the Rocky Mountains, it has produced almost 
none in the Powder River Basin as yet although it has been drilled on a number of large 
structures. 

The production statistics for the Powder River Basin fields include for each field the 
discovery date, average gravity of the oil, number of wells, yearly production from time of 
discovery through 1948, and cumulative production. Twenty oil fields and one gas field are 
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included in the tabulation. Salt Creek has by far the largest cumulative production, more 
than 331 million barrels of oil. Next is Lance Creek, with 80 million barrels, followed by 
Big Muddy, with 31 million barrels. Of the remainder, 6 fields have produced 1 to 6 mil- 
lion barrels, 3 have produced between 100,000 and 1 million barrels, and 8 have produced 
less than 100,000 barrels. : 

Special Maps and Charts (in back pocket of book) are as follows: “Geologic Map and 
Structure Sections (plus stratigraphic section) of the Red Fork Powder River Area,”’ 
by C. E. Carlson, covering an area extending 15 miles westward from the Kaycee anticline, 
in southwestern Johnson County; “Geologic Map of the Powder River Basin,” by J. D. 
Love and J. L. Weitz, which is a preliminary edition of a part of the new U.S.G.S. map of 
Wyoming, now in preparation; “Correlation Chart—Northern Powder River Basin, 
Wyoming”; and “Correlation Chart—Southern Margin Powder River Basin, Wyoming,” 
both by W. G. Olson et al., consisting of large-scale electric-log correlation charts tying 
together the available deep wells in and around the margins of the basin; ‘Section of Rocks 
Exposed in Big Horn River Canyon—Hardin Area, Big Horn County, Montana,” by P. W. 
Richards ef al., a detailed columnar section, graphic and written, from the Gallatin 
formation, Cambrian, up to the base of the Lance, Upper Cretaceous. 

Altogether 41 persons are mentioned in the guidebook as having contributed their 
efforts specifically to its publication and to the field trips held in connection with the con- 
ference. Practicing oil geologists, for the most part resident and non-resident members 
of the Wyoming Geological Association, cooperated in this task, with the signal assistance 
of other groups, notably the geology faculty of the University of Wyoming and members 
of the U. S. Geological Survey, who—this year, as in the past—contributed wholeheartedly 
to the success of the conference and guidebook. 

1t is of interest to note that the first geological field conference in Wyoming—a 40-day 
trip by lumber wagon, starting and terminating at the University of Wyoming—was held 
just 50 years ago, during the summer of 1899. An account of this expedition, together with 
a photograph of the indefatigable participants, is to be found on the introductory pages 
of the guidebook. 


SEARCH FOR PETROLEUM IN PORTUGAL, BY FERNANDO A. C. 
GONCALVES MACIERA 


REVIEW BY GLEN M. RUBY 
Laguna Beach, California 


*Planificacao Histérico-Cronolégica das Pesquisas de Petréleo em Portugal” (Historical- 
Chronological Account of Search for Petroleum in Portugal), by Fernando A. C. 
Gongalves Maciera, Servigo de Fomento Mineiro Estudos, Notas e Trabalhos, Vol. 4, 
Fasc. 2 (Porto, Portugal, 1949), pp. 68-164; 20 pls., 2 folded maps. Portuguese. 


This work is an excellent history of oil prospecting in Portugal, beginning with the 
first discovery of asphalt in the year 1844. The various stages of attempts to develop 
commercial petroleum in the country are divided into three periods. 

The first, which covers the time from the first discovery of bituminous substances to 
the year 1917, is a chronological account which runs familiarly parallel with the history 
of early prospecting in nearly all countries where the Government was the sole agency in 
dictating the terms of the concession. 

It was not until 1904 that a concessionnaire was permitted to dig or drill deeper than 
40 meters. However, it is not likely that this regulation was much of a handicap, since, in 
the early days, only open pits were used for mining the several hundred tons of asphalt 
which found a ready market in the country. 

Since this history is concerned mostly with the various companies which were formed 
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to search for petroleum, as well as the gradual changes in the regulations which were de- 
signed to encourage exploration, but at the same time protect the rights of the Govern- 
ment from too greedy speculators, there is little mention of the geological occurrences of 
the various oil indications which inspired the search. There is one observation by Paul 
Choffat which can also apply to early geological efforts in many other places. Choffat 
was a Swiss geologist who spent most of his very useful life in Portugal. He, more than any 
other man, has been responsible for accurately classifying the sedimentary rocks and, in 
the early years of his field work in Portugal, he recognized the very complicated structural 
conditions in the vicinity of the various oil seeps, especially Torres Vedras. 

Many of the early wells had been located by British and French geologists who were 
considered authorities in the early part of the present century, but they were reported 
to have spent little time in Portugal. When these wells failed to find oil, Choffat observed 
that “the reason was not the incompetence of the authors (of the geological reports) but 
the difficulties resulting from the regions studied, since they differ plenty from the rest 
of Europe.” He also noted that they had arrived at their conclusions after very little time 
spent in the field. 

The first period of prospecting, which failed to develop commercial petroleum, came to 
a close when the Legislature recognized the necessity of giving larger grants, in order to 
justify prospecting on a large scale. 

In spite of the fact that the Government became willing to give large concessions for 
prospecting, there were no immediate signs of activity. This may have been due to the 
indefinite royalty, not less than 5 per cent, and the fact that part of the shares of any 
company were to be owned and voted by the Government. However, during this period, 
1917 to the end of 1936, there were some accidental discoveries of gas in shallow wells, and 
a few occurrences of asphalt were being prospected. The Government, itself, became oil 
conscious and not only did some prospecting, but classified much of its land for oil and 
other substances. 

The third phase begins on December 14, 1936, when the famous English promoter, 
Henry J. Pierce, on behalf of a British syndicate, asked for a large concession to explore for 
petroleum. On the same date, and asking for the same concession, was presented a petition 
by Anglo-Ecuadorian Oilfields, Ltd. This complicated matters and some delay was ex- 
perienced. In the end, the Government decided to receive bids, by way of special terms and 
to give the concession to those making the best offer. 

On July 10, 1937, the bids were opened and Pierce and his partner were adjudged to 
have made the best offer. After a too short period of geological work, which was seriously 
hampered by lack of transportation for Clive Mendelsohn, the British geologist, drilling 
was commenced. 

Most of the activity was on the very complicated structure at Torres Vedras. All told 
ten wells were drilled on various fault blocks in this structure, the deepest being 1,164 
meters. None of them found oil in commercial quantities, although encouraging showings 
were reported. 

In 1947 the shares in the English company were transferred to a new company owned 
by the Axel Johnson interests of Sweden, and the Portuguese Government. This new 
company employed the New York firm of consulting geologists, Exploration Contractors, 
Inc., to make an extensive geological survey in order to appraise the petroleum possibilities 
of the region and to make locations for test wells. This work is now in progress. 


RECENT PUBLICATIONS 
ALABAMA-TENNESSEE 


*“Pre-Cambrian and Paleozoic Rocks of Northern Alabama and South-Central 
Tennessee.” Guide Book, Seventh Field Trip, Mississippi Geological Society (1949). 89 pp., 
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5 pls., numerous text figs. Prepared by a committee of which Frederic F. Mellen was 
chairman and F. T. Holden was editor. Mississippi Geological Society, Box 2253, West 
Jackson, Mississippi. 
APPALACHIANS 

“Upper Mississippian Rocks of Southwestern Virginia, Southern West Virginia, and 
Eastern Kentucky,” by Ralph H. Wilpolt and Douglas W. Marden. U. S. Geol. Survey 
Prelim. Chart 38, Oil and Gas Inves. Ser. (September, 1949). 3 sheets, 40 X54 inches. For 
sale by Director, U. S. Geological Survey, Washington 25, D. C. Price, $1.00 for set of 


3 sheets. 
AUSTRALIA 


*“Stratigraphical Nomenclature in Australia,” by M. F. Glaessner, H. G. Raggatt, 
C. Teichert, and D. E. Thomas. Australian Jour. Sci., Vol. 11, No. 1 (August, 1948), 
pp. 7-9. Australasian Medical Publishing Company, Ltd., Seamer and Arundel Streets, 
Glebe, Sydney. 

*“Mesozoic Fossils from the Snake River, Central New Guinea,” by M. F. Glaessner. 
Memoirs Queensland Museum, Vol. 12, Pt. 4 (May 3, 1949), pp. 165-81; 7 figs., 2 pls. 
A. H. Tucker, Govt. printer, Brisbane. 


GENERAL 


Oil! Titan of the Southwest, by Carl Coke Rister. 432 pp., illus. Foreword by E. De- 
Golyer. University of Oklahoma Press, Norman. Price, $5.00. 

*“Tnterpretative Petrology of Sedimentary Rocks,” by Gordon Rittenhouse. World Oil, 
Vol. 129, No. 7 (Houston, Texas, October, 1949), pp. 61-66; 10 figs 

*‘Radioactive and Electrical Logging,” by V. J. Mercier. Ibid., pp. 128-32; 2 figs. 

Publications of the Geological Survey. First Supplement to Edition of May, 1948 (1949) 
12 pp. Free on application to Director, Geological Survey, Washington 25, D. C. 

“Preliminary Maps and Reports Released by the Geologic Division, 1946-47, and by 
the Conservation Division, 1938-47,’ compiled by Ruth A. Atherton, Wenonah H. Eck- 
stein, and R. E. Spratt. U. S. Geol. Survey Cir. 56 (October 14, 1949). List may be obtained 
without charge from Director, U. S. Geological Survey, Washington 25, D. C. 

The status index maps published by the Geological Survey on a scale of 1:5,000,000, 
which were temporarily out of stock, have been reprinted and may again be had free on 
application, as follows. 

“Status of Topographic Mapping in the United States” (3d ed.). Shows and classifies 
by color patterns all areas covered by topographic maps published by the Geological Sur- 
vey and other Government agencies. 

“Status of Aerial Photography in the United States”’ (4th ed.). Shows by color patterns 
or outlines the various Government agencies holding the films. 

“Status of Aerial Mosaics or Photo Maps in the United States”’ (1st ed.). Shows by 
color patterns or outlines the various Government agencies holding the films. 

“Status of Horizontal Control in the United States” (1st ed.). Shows by line and color 
pattern areas covered by triangulation and transit-traverse surveys. 

“Status of Vertical Control in the United States” (1st ed.). Shows routes of all level lines 
reported to date. 

Annual Reviews of Petroleam Technology, Vol. 8, Covering 1946 (1949). 445 pp. 
“The book is a complete record of 1946 developments in all sections of the industry.” 
Includes: “Petroleum Geology,” by G. D. Hobson (6 pp.); “Geophysics,” by J. McG. 
Bruckshaw (5 pp.); “Drilling,” by E. C. Scott (7 pp.); “Production,” by C. J. May (10 
pp.). Institute of Petroleum, 26 Portland Place, London, W. 1, England. Price, 27s 6d. 
($5.50), post-free. 

Seismicity of the Earth and Associated Phenomena, by B. Gutenberg and C. F. Richter. 
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273 PP., 34 figs., 19 tables. 8 X11 inches, outside dimensions. Cloth. Princeton University 


Press (1949). Princeton, New Jersey. Price, $10. 
*“Origin of Pimple Mounds,” by E. L. Krinitzsky. Amer. Jour. Sci., Vol. 247, No. 10 


(New Haven, Connecticut, Uctober, 1949), pp. 706-14; 5 pls. 
KANSAS 


*“Geology and Ground-Water Resources of a Part of South-Central Kansas, with 
Special Reference to the Wichita Municipal Water Supply,” by Charles C. Williams and 
Stanley W. Lohman. Kansas Geol. Survey Bull. 79 (Lawrence, July, 1949). 455 PP., 34 
pls., 31 figs., 37 tables. 

*“Ojil and Gas Developments in Kansas during 1948,”’ by W. A. Ver Wiebe, J. M. Jew- 
ett, and E. K. Nixon. Kansas Geol. Survey Bull. 78 (Lawrence, Kansas, September, 1940). 
186 pp., 86 figs. 

MIDDLE EAST 

*“Blockfolding Phenomena in the Middle East,”’ by S. W. Tromp. Geologie en Mijn- 
bouw, Vol. 11, No. 9 (September, 1949), pp. 273-78; 3 figs. In English. Editor, A. J. Pan- 
nekoek, Spaarne 17, Haarlem, Holland. 


MISSOURI 
*“Tnsoluble Residues of Some Paleozoic Formations of Missouri, Their Preparation, 
Characteristics and Application,”’ by John G. Grchskopf and Earl McCracken. Missouri 
Geol. Survey Rept. Inves. ro (Rolla, 1949). 37 pp., 11 pls. 
NEW YORK 


*“Geologic Structures of the Lower Devonian Rocks of Central New York,” by 
Robert E. Stevenson. New York State Sci. Service Rept. Inves. 3 (Albany, May, 1949). 
14 pp., 4 tables, 2 pls. Contains 2 pp. of addenda to “Geologic Structures of the Middle 
Devonian Rocks of Otsego County,” Rept. Inves. 1, 3 pls. 


PENNSYLVANIA—-NEW YORK 


*“Subsurface Projection of Cambro-Ordovician Sediments in the Pennsylvania-New 
York Region, and Relation to Oil and Gas Possibilities,” by Frank M. Swartz. Producers 
Monthly, Vol. 13, No. 11 (Bradford, Pennsylvania, September, 1949), pp. 25-32; 2 figs. 


TEXAS 
*“Geology of the Strake and Squire Field Area, Duval County, Texas,” by George G. 
Huffman and Alfred E. Giles. World Oil, Vol. 129, No. 7 (Houston, Texas, October, 


1949), pp. 68-76; 1 fig. 
TURKEY 


*“Foraminifera from Test Wells in Adana, Turkey,” by Mehlika Izgi Tasman. Maden 
Tetkik ve Arama Enstitusu Yayinlarindan (Publications of Mining Research and Ex- 
ploration Institute of Turkey), Ser. B, No. 15 (Ankara, 1949). 42 pp., 6 pls. of fossils, 1 
sketch map. Introduction in Turkish; abstract and text in English. Approx. 7.75 X11 
inches. 
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THE ASSOCIATION ROUND TABLE 


ASSOCIATION COMMITTEES* 


EXECUTIVE COMMITTEE (1950) 


C. W. Tomutnson, chairman, Ardmore, Oklahoma 

Henry N. TOLER, secretary, Southern Natural Gas Company, Jackson, Mississippi 
Paut WEAVER, Gulf Oil Corporation, Houston, Texas 

T. A. Link, consultant, Toronto, Ontario 

ALFRED H. BELL, Illinois Geological Survey, Urbana, Illinois 


DIRECTORS OF AMERICAN GEOLOGICAL INSTITUTE (2-yr. term) 
W. B. Heroy (Nov., 1949) Paut WEAVER (Nov., 1950) 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL (3-yr. term) 


WALTER B. LANG (June, 1952) 


REPRESENTATIVES ON COUNCIL OF AMERICAN ASSOCIATION 
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BUSINESS COMMITTEE 
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Paut H. Price Dotpue E. Sruic James A. Moore 
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RESEARCH COMMITTEE 
Joun T. Rouse, JR. (1950), chairman, Magnolia Petroleum Company, Dallas, Texas 
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ROLAND F. BEERS D. L. BLAcKSTONE, JR. Date L. BENSON 
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Joun T. LonsDALE STANLEY C, HEROLD Ratpa D. CHAMBERS 
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Pavut H. Price ROBERT J. SEALE ROBERT M. SWESNIK 
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Henry J. MorGAn, JR. (1951), chairman, Atlantic Oil and Refining Company, Dallas, Texas 
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F. H. LawEE (1950), chairman, Sun Oil Company, Box 2880, Dallas, Texas 
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ARTHUR A. CURTICE 


The Pacific Section of the American Association of Petroleum Geologists, the Society 
of Economic Paleontologists, and the Society of Exploration Geophysicists held their 
twenty-sixth annual meeting jointly at the Ambassador Hotel, Los Angeles, California, 
during Thursday and Friday, November 17 and 18, 1949. The annual formal dinner and 
dance were held on Friday evening, with dinner from 8:00 P.M. to 9:00 P.M. and dancing 
from 9:00 P.M. to 1:00 A.M. in the beautifully redecorated Embassy Room. Officers of the 
Pacific Section of the Association are: president, CLIFTON W. JOHNSON; vice-president, 


Room 1046, Navy Department, Washington, D. C. 


DREXLER DANA B. HEROoy 
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BEN F. Hake W. T. SCHNEIDER 
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Joun E. KitKenny; secretary-treasurer, HAROLD E. RADER. 


Wa tace L. Maryjasic, chairman, A.A.P.G. arrangements committee 
ADEN W. Hucues, president, S.E.P.M. 


CuarLes Hewitt Dix, vice-president, S.E.G. 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


At the recommendation of the A.A.P.G. committee on national responsibility, in order 
to attain its objective “to plan and advise with the Military Services for the effective 
application of geology and the efficient functioning of geologists within the Military Serv- 
ices,” the executive committee is requesting each applicant for membership to return a 
statement of his World War II service and his present reserve status, if any, for which 
purpose a special blank is furnished by Association Headquarters, Box 979, Tulsa 1, 
Oklahoma. 

The executive committee has approved for publication the names of the following candi- 
dates for membership in the Association. This does not constitute an election but places 
the names before the membership at large. If any member has information bearing on the 
qualifications of these nominees, he should send it promptly to the Executive Committee, 
Box 979, Tulsa 1, Oklahoma. (Names of sponsors are placed beneath the name of each 
nominee.) 

To comply with the new amendments affecting qualifications for membership, new 
applicants and their sponsors should hereafter use new (1949) application forms and the 
new (1949) constitution and by-laws. Old forms should be destroyed. 
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C. E. Yager, H. C. Vanderpool, J. J. Uri 
Frans Gaspard Keyzer, Guatemala, C. A. 

John F. Barrett, Richard C. Harris, H. M.- Kirk 
Karl Ernest Kleiber, The Hague, Holland 

E. Kundig, D. Trumpy, L. E. J. Brouwer 
Hugh Neil MacDonald, Chatham, Ont., Canada 

W. A. Roliff, F. L. Fournier, George D. Lindberg 
Holman Cannon Milhous, Nashville, Tenn. 

C. W. Wilson, Jr., L. C. Glenn, Garth W. Caylor 
John Albert Norwood, Barcelona, Venezuela, S. A. 

George O. Relf, Jr., Henry A. Guntz, Mark F. Nero 
Lloyd Dickinson Owens, Taft, Calif. 

William R. Merrill, O. F. Van Beveren, John C. Wells 
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Frank Prudich, Albuquerque, N. Mex. 

Paul H. Umbach, C. D. Johnson, B. B. Bradish 
Francis Arthur Reynolds, Pasadena, Calif. 

Wayne M. Smith, Leo H. Moir, Jr., E. S. Pickett 
Marion R. Thomson, New Orleans, La. 

Maurice J. Mayer, Jr., F. W. Rolshausen, E. P. Tatum 
Tjeerd Hendrik van Andel, Wageningen, Holland 

D. J. Doeglas, H. M. E. Schurmann, L. E. J. Brouwer 


FOR JUNIOR MEMBERSHIP 


Donald Oliver Acrey, Dallas, Tex. 

Ellis W. Shuler, Kathleen S. Keathley, Claude C. Albritton, Jr. 
Roy Ward Allen, Jr., Midland, Tex. 

L. A. Nelson, H. E. Quinn, W. S. Strain 
Voy Ernst Althaus, Fredericksburg, Tex. 

Lloyd A. Nelson, H. E. Quinn, W. S. Strain 
Elliott Shufflin Banta, Lewistown, Mont. 

Kenneth R. Parsons, Earl G. Griffith, John E. Blixt 
James Bell Bauchman, Seguin, Tex. 

John R. Sandidge, F. L. Whitney, Hal P. Bybee 
Kenneth Charles Beresford, Wichita Falls, Tex. 

Lyman C. Dennis, D. T. Richards, Lynn L. Harden ~ 
Albert Edward Blanton, Jackson, Miss. 

Frederic F. Mellen, D. C. Harrell, E. T. Monsour 
Frederick H. Bockelman, Jr., Houston, Tex. 

Wayne V. Jones, K. A. Schmidt, Richard T. Lyons 
William Emory Bonini, Washington, D. C. 

W. T. Thom, Jr., J. C. Maxwell, G. P. Woollard 
James Bush, Brooklyn, N. Y. 

J. J. Galloway, C. Hewitt Dix, Brooks F. Ellis 
Martha Ellen Bybee, Austin, Tex. 

Ronald K. DeFord, Samuel P. Ellison, Jr., G. K. Eifler, Jr. 
William Richard Cook, Guthrie, Okla. 

E. L. Lucas, Carl A. Moore, W. F. Cloud 
George Perkins Derry, Jr., Corpus Christi, Tex. 

G. R. McNutt, F. L. Whitney, G. K. Eifler, Jr. 
Dwight James Edson, Jr., Houston, Tex. 

Hal P. Bybee, George Sawtelle, W. A. Maley 
Glenn Ernest Emmett, Vernon, Tex. 

Charles A. Renfroe, W. I. Robinson, Leroy T. Patton 
Daniel Bruce Flynn, Glendale, Calif. 

W. C. Putnam, James Gilluly, John C. Crowell 
Hugh Graham Gammell, Calgary, Alta., Canada 

E. W. Shaw, D. B. Layer, W. P. Hancock 
Leon Hammer, Lowell, Mass. 

Kirtley F. Mather, Marland P. Billings, Winthrop P. Haynes 
James Frederick Hayes, Houston, Tex. 

H. B. Stenzel, Samuel P. Ellison, Jr., Irvin J. Anderson 
Vincent Sloan Hefley, Jennings, La. 

W. E. Belt, Jr., R. W. Wilson, C. D. Stephenson ~ 
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Henry Herman Heikkila, Denver, Colo. 

A. C. Waters, Siemon William Muller, A. I. Levorsen 
Carl Helms, Jr., Los Angeles, Calif. 

U. S. Grant, James Gilluly, John C. Crowell 
William A. Jenkins, Jr., Beggs, Okla. 

Hobart E. Stocking, Ray L. Six, Ralph H. Wilpolt 
Charles Frances Lamb, Oshkosh, Wis. 

Hal P. Bybee, G. R. McNutt, G. K. Eifler, Jr. 
James Marvin Law, Shreveport, La. 

Charles A. Hickcox, Claude N. Valerius, J. D. Aimer 
Herbert Sylvester Mayberry, Enid, Okla. 

V. E. Monnett, Leon V. Davis, Carl A. Moore 
Jerry Jordan McCauley, Austin, Tex. 

F. L. Whitney, Hal P. Bybee, G. R. McNutt 
Dudley Richard Meier, Flushing, N. Y. 

W. T. Thom, Jr., Steven K. Fox, John C. Maxwell 
Gaylord O. Mickelson, Casper, Wyo. 

Josiah Taylor, W. A. Kelly, W. H. Twenhofel 
Edwin Thomas Murphy, Shreveport, La. 

Charles A. Hickcox, Joseph Purzer, Thomas H. Philpott 
Robert Edward Nelson, Boling, Tex. 

S. A. Lynch, W. L. Russell, Travis J. Parker 
Aubrey Leon Ott, Dallas, Tex. 

Claude C. Albritton, Jr., Kathleen Keathley, Ellis W. Shuler 
Othal Miles Plemmons, Olney, Tex. 

Raymond Sidwell, Charles A. Renfroe, Leroy T. Patton 
Erwin Jacob Poizner, Lake Charles, La. 

A. C. Wright, Howard H. Lester, Leroy T. Patton 
Conrad Smith Preston, Midland, Tex. 

E. F. Miller, Louis Roark, Don O. Chapell 
Roy Lee Pritchard, Roswell, N. Mex. 

L. A. Nelson, H. E. Quinn, W. S. Strain 
Stanley Earnest Pyndus, Houston, Tex. 

F. L. Whitney, G. K. Eifler, Jr., Hal P. Bybee 
Howard Russell Ritzma, Craig, Colo. 

H. D. Thomas, D. L. Blackstone, Jr., James E. Kennan 
Jack Edward Schoellhamer, Ontario, Calif. 

A. O. Woodford, Merle C. Israelsky, Douglas M. Kinney 
Louis Joseph Scopel, Craig, Colo. 

William Beer, James W. Nance, John Theron Sanford 
Fernand Joseph Souaya, Cairo, Egypt 

Don L. Frizzell, H. Gordon Damon, Hal P. Bybee 
James Otis Staggs, Magnolia, Ark. 

L. D. Bartell, D. K. McKay, J. N. Payne . 
Clarence Harry Strachn, Jr., Beaumont, Tex. 

G. K. Eifler, Jr., Samuel P. Ellison, Jr., Hal P. Bybee 
Jack Dennis Thornton, Midland, Tex. 

Raymond Sidwell, Leroy T. Patton, Charles A. Renfroe 
William Everett Tipton, Dallas, Tex. 

Hal P. Bybee, Samuel P. Ellison, Jr., G. K. Eifler, Jr. 
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Richard Hal Wesley, Detroit, Mich. 
Norman S. Hinchey, Rex P. Grant, Arthur L. Jenke 


Richard Allan Wetherhead, Cucuta, Colombia, S. A. 
James A. Culbertson, James W. Bowler, E. Raymond Ring, Jr. 
Frank Miller Whittington, Houston, Tex. 
: G. R. McNutt, F. L. Whitney, G. K. Eifler, Jr. 
- Harald Walter Woodward, Windsor, Ont., Canada 
F. G. Fox, F. J. Hamilton, F. A. McKinnon 


FOR ASSOCIATE MEMBERSHIP 


William Lee Fellows, Caracas, Venezuela, S. A. 

Verner Jones, Spence T. Taylor, Ely Mencher 
Theodore Stephen Green, Tulsa, Okla. 

Frank E. Brown, T. A. Clote, Thomas A. Green 
John Robert Woolson, Tulsa, Okla. 
2 Myron C. Kiess, Fred A. Devin, P. E. Fitzgerald 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


George E. Carver, Jr., Oklahoma City, Okla. 
Harold D. Jenkins, J. C. Finley, C. R. Clark 
John Harrah Douglass, Corona Del Mar, Calif. 
; J. B. Klecker, J. H. Deming, G. W. Crickmay 
? Robert Louis Fienning, Duncan, Okla. 
‘ Fred A. Devin, D. M. Putman, Frank Gouin 
2 George David Reavis, Ardmore, Okla. 
Charles E. Clowe, M. P. White, Louis R. Wilson 
Edward Bullock Walker, III, Barcelona, Venezuela, S. A. 
Mark F. Nero, George O. Relf, Jr., George L. Lockett 
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NOMINEES FOR A.A.P.G. PRESIDENT, 1950-1951 


C. L. MOODY 


Division geologist, The Ohio Oil Co., Shreve- 
port, La. 


Born, Oct. 26, 1888, Compton, Calif. 
Academic Training 


1909-10 Univ. of Southern California 
1912-16 Univ. of California 

Geology A. B., 1916 

Univ. of California 

Geology graduate student 


1917 


Experience 


1917-18 Consulting geologist, Casper, Wyo. 
1918- The Ohio Oil Co. 


Publications.—Field of stratigraphy and struc- 
ture of Rocky Mountains and Gulf Coast areas 


Professional A filiation (National) 
American Assoc. Advancement of Science 
Geological Society of America 


A.A.P.G. Activity 


1932-40 Geol. Names and Correlations Com. 

1933-38 Associate Editor 

1937 Vice-President 

19373; 39-41; 46 Business Committee 

1943-45 Trustee, Research Fund (Chm., 45) 

1943-44 National Service Com. 

1945 Com., Statistics Explor. Drilling 

1945 Com., Method of Election of Officers 

1946-47 Business Com. (Vice-Chm., 46; 
Chm., 47) 

Editor 


1947-49 


THERON WASSON 


Chief geologist, The Pure Oil Co., Chicago, Ill. 
Born, Apr. 23, 1887, Springville, Erie Co., N. Y. 
Academic Training 
1907-11 Carnegie Institute of Technology 
B.S., School of Applied Science 
1919-20 Columbia University geology 
Experience 
1911-13 State of New Jersey, Survey of 
Railroads and Canals 
Surveys and construction, oil fields 
of California 
New Jersey State Geological Survey 
Twin State Oil Company, Tulsa 
U. S. G. S., Topographic Br. 
Amer. Oil Eng. Corp., Ft. Worth 
1921 Leonard Explor. Company, Ecuador 
1922 The Pure Oil Company, Chicago 
Military Service 
1917-19 Enlisted man, officer, Corps of En- 
gineers, U. S. Army, France and 
Germany 
Publications.—Geological exploration, petroleum 
geology; mineral resources 
Professional Affiliation (National) 
American Geographical Society 
American Assoc. Advancement of Science 
American Geophysical Union 
Geological Society of America 
Society of Economic Geologists 
American Inst. Mining Met. Engineers 
Western Society of Engineers 
Tau Beta Pi 
A.A.P.G. Activity 
1931- Associate Editor 
1931-33 District representative, Great Lakes 
1938 Committee for Publication 
1940-42 Research Committee 
1941 Assistant editor, Stratigraphic Type 
Oil Fields 
Education Committee 


IQ13-15 


Ig15—-16 
1917 


1920 


1946-47 
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FIELD-TRIP GUIDE BOOKS 


In response to requests for a list of available guide kooks published and for sale by 
A.A.P.G. affiliated societies the following has been compiled from information given by 
local society officers. Though available at the time of preparing this list, some of these 
books are becoming scarce. Inquiries should be sent to the addresses indicated. 


A.A.P.G. ANNUAL MEETING, St. Louis, Missouri. 

Field Conference in cooperation with State Geological Survey of Illinois, Illinois Geological 

Society, and Missouri Geological Survey and Water Resources, March 18-19, 1949. 30 pp., 8 

figs., sections, route map. 8} by 11. $1.25. Write A.A.P.G., Box 979, Tulsa 1, Oklahoma. 

Houston GEOLOGICAL SOCIETY. 

Field Trips of A.A.P.G. annual meeting, March 31—April 5, 1941. Hockley Dome, Galveston Bay 

Drilling, Hastings, Hoskins Mound, Damon Mound, etc. 28 pp., maps, sections, folded road-log 

map. 83X11. To A.A.P.G. members, $0.50; non-members, $1.00. Write A.A.P.G., Box 979, Tulsa 

1, Oklahoma. 

Kansas GEOLOGICAL SociEty, 412 Union National Bank Building, Wichita, Kansas. 

1. 10th Field Conference, Pennsylvanian and Permian Rocks of Northeastern Kansas and 
Northwestern Missouri, 1936. $4.00. 

2. 14th Annual Field Conference, Western South Dakota and Eastern Wyoming, 1940. 162 pp., 
sections, photographs, maps. $5.00. 

3. 15th Annual Field Conference, Central and Northeastern Missouri and Adjoining Area in 
Illinois, 1941. 122 pp., sections, photographs, maps. $5.00. 

4. Field Conference, Lower Kansas River Valley, between Kansas City and Lawrence, 1949. 
$2.00. 

Mississipp1 GEOLOGICAL Society, F. T. Holden, secretary, Drawer 1490, Jackson, Mississippi. 

1. 5th Field Trip, Upper Cretaceous of West-Central Alabama, December 7-8, 1945. 31 pp., 
11 illus. 9X11. Plastic ring binding. $3.65. 

2. 6th Field Trip, Upper Eocene, Oligocene, and Lower Miocene of Central Mississippi, June 
18-20, 1948. 77 pp., 27 illus. 8$ X11. Tape binding. $5.15. 

3. 7th Field Trip, Pre-Cambrian and Paleozoic of Northern Alabama and South-Central Ten- 
nessee, August 24-27, 1949. 90 pp., 30 illus. 83X11. Saddle-stitch binding. $4.25. 

GroLocicaL Society, Walter L. Ammon, secretary-treasurer, Box 1680, Wichita 
alls, Texas. 

1. Wichita group of the Permian, Redbed Phase, December 7, 1946; Non-Redbed Phase, Decem- 
ber 14, 1946. 4 pp. of road log and mimeographed sketch map, unbound. $1.00. 

2. Cambrian and Ordovician Rocks of the Wichita Mountains, May 24, 1947. 10 pp., incl. 2 
stratigraphic sections. $1.00. 

ch ~— and Canyon Series of the Brazos and Trinity River Valleys, May, 1940. 10 pp. of road 
og. $1.00. 

Paciric Section, A.A.P.G., Harold E. Rader, secretary-treasurer, Box 2437, Terminal Annex Sta- 
tion, Los Angeles 54, California. 
Field Trip, California Oil Fields, in connection with A.A.P.G. annual meeting, March 24-27, 
1947. 132 pp., 41 illus. 8} X11. Spiral ring binder. $2.65. 

OKLAHOMA City GEoLocicaL Society, Joseph M. Sears, treasurer, 2514 First National Building, 
Oklahoma City, Oklahoma. 
Field Trip, November 14-15, 1946. Lower Permian and Upper Pennsylvanian, North-Central 
Oklahoma. 17 pp., 14 pls. 8} X11. $1.co. 

PANHANDLE GEOLOGICAL Society, Robert B. Totten, secretary-treasurer, Box 46, Amarillo, Texas. 

1. Field Conference, Dry Cimarron River Valley, Panhandle of Oklahoma, and Adjoining Area. 
Front Range of Rocky Mountains in Southeastern Colorado, May 16-18, 1946. 18 pp., 4 maps 
and sections. 9} X11}. $1.00. 

z. Summer Field Trip, Fossil and Early Man Sites in Texas Panhandle, June 25-26, 1949. 12 pp., 
2 sections. 9} X 114. $1.00. 

PitrsBuRGH GEOLOGICAL Society, George C. Grow, Jr., editor, 545 William Penn Place, Pittsburgh, 
Pennsylvania. 
Geology of Northern Part of Appalachian Basin, in connection with A.A.P.G. regional 
meeting, October 4-9, 19048. 121 pp., maps, charts, sections, 8} X15. Spiral ring binder. $5.00. 
Rocky Mountain AssociA1ion OF GEOLOGISTS, Kenneth L. Gow, secretary-treasurer, Superior Oil 
Company of California, 506 First National Bank Building, Denver, Colorado. 
Field Conference in Central Colorado. June 16-19, 1947. 50 pp., 16 figs. 83 X 11. $5.00. 
Geoxocicat Society, Marcelle Mousley, secretary-treasurer, Box 169, Shawnee, Okla- 
oma. 
1. Field Conference, Surface Rocks from McAlester Shale to Thurman Sandstone through T. 
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4-6 N., R. 12-17 E., Pittsburgh County, Oklahoma, June 18, 1938. 12 pp., 2 illus., structure 
map. 9} X12. $1.00. 


2. Field Conference in cooperation with Oklahoma Geological Survey, Surface Rocks from 


Calvin Sandstone to Permian through T. 6-10 N., Hughes, Seminole, and Pottawatomie 
Counties, Oklahoma, April 2, 1938. 13 pp., 1 illus. 93 X12. $1.00. 


SHREVEPORT GEOLOGICAL Society, Charles A. Hickcox, secretary-treasurer, Department of Geology, 


Centenary College, Box 750, Shreveport, Louisiana. 

17th Annual Field Trip, September 2, 3, 4, 1949. Cretaceous of Austin, Texas, area. $5.00. 
16th Annual Field Trip, May 22, 23, 1948. Ouachita Mountains, Cambrian through Penn- 
sylvanian, and Magnet Cove, Arkansas. $5.00. 

15th Annual Field Trip, February 1-2, 1947, Upper and Lower Cretaceous of Southwestern 


Arkansas. $5.00. 


SOUTHEASTERN GEoLocicaL Society, Albert C. Raasch, Jr., secretary-treasurer, Box 841, Talla- 


hassee, Florida. 
2d Field Trip, November 15-16, 1944. Southwestern Georgia. Papers on Pre-Cambrian- 


Pleistocene. 63 pp., with maps, 83 X11. $4.50. 

3d Field Trip, November 9-10, 1945. Western Florida. Papers on Pre-Paleozoic-Pleistc<ene. 
93 Pp., maps, and columnar section. 8} X 11. $3.00. 

4th Field Trip, September 27-29, 1945. Southeastern Alabama. Tertiary Formation of Ala- 
bama. 91 pp., maps, and correlation chart. 8} X11. $3.co. 

5th Field Trip, December 5-6, 1947. West-Central Florida. Papers on Paleozoic-Pleistocene. 
71 pp., map of area. 83X11. $3.00. 

6th Field Trip, November 18-19, 1949. East-Central Alabama Cretaceous. 75 pp., maps. 


83 X11. $3.00. 


Tusa Geoxocicat Society, Mary Whitehead, secretary-treasurer, Box 591, Tulsa, Oklahoma. 


Field Conference, Western Part of Ouachita Mountains, May, 1947. 56 pp., maps, etc. 9X12. 
$5.00. 


West Texas GEoxocicat Society, W. A. Waldschmidt, chairman of sale of publication, Box 1814, 


Midland, Texas. 


1. Stratigraphy of Hueco and Franklin Mountains, May 31—June 1, 1946. 11 pp., 3 charts, 1 


folded map. 83X11. $1.50. 


2. Guadalupe Mountains of New Mexico and Texas, May 30-31, 1947. 28 pp., 7 charts, illus., 


2 folded maps. 83X11. $2.50. 


Wyominc GEOLOGICAL AssociATION, George L. Goodin, treasurer, Box 545, Casper, Wyoming. 
1. 3d Annual Field Conference, Wind River Basin, August 11-14, 1948. 198 pp., 38 pp. of maps 


and illus. $4.25. 


2. 4th Annual Field Conference, Powder River Basin, August 9-13, 1949. 98 pp., 35 pp. of illus. 


83X11. Spiral plastic binder. $5.00. 
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MEMORIAL 


ELWIN B. HALL 
(1891-1949) 


Elwin B. Hall died January 20, 1949, following a brief illness. He was stricken suddenly 
while duck-hunting in the San Joaquin Valley. He suffered a stroke and during the next 
few days preceding his death rarely gained consciousness. 

Everybody knew Elwin B. Hall as “E.B.” or “Ebie.” His life was one of intense ac- 
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tivity, inspired by the will to do and by a loving wife who loyally supported him in all of 
his endeavors. 

E.B. was born at Ventura, California, March 24, 1891. He received his A.B. degree 
at Stanford University in 1914 where he held membership in Sigma Xi and Beta Theta Pi. 
While there he was an active football player. It is believed that this factor may have laid 
the foundation for a weakened heart, because he was troubled 8 or 10 years ago by a mild 
heart attack. 

Shortly after E.B. graduated from Stanford he leased from his father 40 acres of walnut 

land located near Ventura. He married Mary Bacon on January 8, 1916. Together they 
constructed their first home in the walnut grove which E.B. farmed and operated. Mrs. 
Hall held the boards and wielded a saw and hammer. Between the two of them, they 
probably spent some of the happiest days of their life in this simple home in the walnut 
grove. 
E.B., however, was not content to remain exclusively in the walnut business. It was 
his ambition to have an oil company of his own, so he went about this in a most consistent 
way, first seeking employment in order to gain experience. He was employed by the 
Amalgamated Oil Company through his good friend, L. C. Decius, now vice-president and 
director of exploration, western division, of the Tide Water Associated Oil Company, 
which company through mergers acquired the properties of the Amalgamated Oil Company 
in Southern California. This employment began, July 10, 1919, and continued until De- 
cember 8, 1920. During that time E.B. concentrated his geological work along the Santa 
Clara River in Ventura and Los Angeles counties. He was probably the first geologist to 
map and recommend the development of what is now the Del Valle field and the Newhall- 
Potrero field, both fields being near the Ventura-Los Angeles county line. E.B. called 
the Del Valle field the Major Anticline and the Newhall-Potrero field was called the 
Minor Anticline. 

Early in the spring of 1920 the Cat Creek field was found in Montana. E.B. felt that 
an opportunity existed in this direction and so, with the assistance of his father, he went to 
Montana and acquired certain lands, organizing the Montacal Oil Company. Then he 
branched out into Wyoming and acquired lands in Baxter Basin which later proved to be 
productive of gas. 

With V. P. Baker, he organized the Hall-Baker Company to operate in California. 
This company represented a very happy combination, as E.B. did the geological work and 
Virgil Baker leased the land. They kept afloat in the twenties and early thirties, selling 
leases and acquiring experience. 

E.B. recognized the fact that, as “poor boys,” they had to concentrate their efforts in 
shallow areas, and that he must develop a portable outfit that could drill shallow holes to 
locate structure. The same resourcefulness that built his first home was used to develop 
a portable outfit for drilling test wells, so that as the years passed, E.B. became an op- 
erator and prospector. 

This second line of activity stood him in good stead, for in December, 1936, the Hall- 
Baker Company secured a contract with the Union Pacific Railroad Company for the 
drilling of an offset to the General Petroleum Corporation’s discovery well at Wilmington, 
California. After the dissolution of the Hall-Baker Company, E. B. Hall and Company, in- 
corporated in October, 1941, continued in its place, so that the work of E. B. Hall, com- 
menced at Wilmington by the drilling of a single well in 1937 for the Union Pacific Rail- 
road, was never interrupted until his death in 1949. He commenced with 10 employees and 
one well. There are now 450 employees and more than 550 wells have been drilled, produc- 
ing about 1,000,000 barrels of oil a month. More than 120,000,000 barrels of oil were pro- 
duced under the supervision of E. B. Hall, all from land of the Union Pacific Railroad 
Company. The work which he did to develop the Wilmington field in the face of extremely 
difficult conditions both on the surface and subsurface is recognized as one of the outstand- 
ing pieces of oil development in California. 
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E.B.’s ingenuity stood him in good stead, for when difficult problems presented them- 
selves he sought a solution. The soft formations of California slough off in an open hole, 
so that a test of water shut-off is difficult to secure, and tests of productivity of possible 
oil-bearing sands have required setting a steel liner which would have to be recovered 
before further work in the well could be done. To meet this problem E.B. first experi- 
mented in 1935 with rubber tubing or pipe and then with various other materials until 
aluminum was finally chosen as a more suitable, drillable material for liners that would 
keep the hole open but that could be drilled out very quickly. Patent for the aluminum 
liner was issued to Elwin B. Hall and Arthur L. Armentrout on June 9, 1936. This led to 
the development of an aluminum stinger which was used on cementing jobs, so as to put 
a batch of cement 20 feet below the shoe of the water string. Part of this idea was devel- 
oped by Howard K. Pieper, who also was an employee of the Amalgamated and Associated 
oil companies. 

Later on when the formations became mudded and it was difficult to secure production, 
E.B. tackled the problem of securing a chemical that would remove the mud cake. This 
chemical was later patented and is now commercially exploited by a service company. 

As previously noted, E.B.’s ambition was to own his own oil company. This, too, was 
accomplished. After drilling or causing many wildcats to be drilled and through a long 
period of years, he was able to develop production on a lease of his wholly owned Drilling 
and Production Company on the Tejon Ranch in Kern County. The first oil was produced 
at 4,500 feet in the Reserve Zone in 1944. Later, however, shallower production has been 
developed at approximately 2,600 feet. On this property there are now 15 wells, producing 
650 barrels per day, but a good part of the land still remains to be drilled. 

E. B. Hall had time also for work in oil conservation. He served as a member of the 
Conservation Committee of California Oil Producers, and was active on the Allocation 
Committee, wherein he did not hesitate to tackle difficult problems where an arbitrator 
was needed. 

This continuing drive throughout his life eventually took its toll, and a cheerful, 
kindly friend and diligent worker was lost to the oil industry. 

E.B. is survived by his wife, Mary Bacon Hall, his daughter, Mrs. Richard C. Bergen, 
and her two children, and by his son, E. B. Hall, Jr., and his twin sons. Incidentally, the 
son, E. B., Jr., promises to follow in his father’s footsteps in the management of the E. B. 
Hall Company. 

E. B. Hall was a member of the American Association of Petroleum Geologists, the 
American Institute of Mining and Metallurgical Engineers, and the American Petroleum 
Institute. He possessed a wonderful driving force and withal a generous and kindly dispo- 
sition. He never spoke ill of anyone and always had time to help those who appealed to 
him. Those of us who knew him and respected him will miss him; the world is better be- 
cause of his having lived in it. 

JOSEPH JENSEN 


Los Angeles, California 
September, 1949 


BURTON ARMAND LILIENBORG 
(1900-1949) 


The profession has lost a man who loved geology and the work of a geologist. His early 
passing is very much regretted by his many friends. 

Burton A. (Doc) Lilienborg was born, April 15, 1900, at Axtell, Kearney County, 
Nebraska, the son of Bathilda Hakanson Lilienborg and Andrew Lilienborg, both being 
natives of Sweden who came to this country in 1890. 
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MEMORIAL 1929 


He attended elementary school in Axtell and Hastings, Nebraska. In 1911, his parents 
moved to Hildreth, Nebraska, at which place he completed his grade and high school 
education. His first two years in college were spent at Doane College in Crete, Nebraska, 
where he specialized in music. With the introduction of sound pictures, using what is 
commonly termed “canned music,” he saw no future in a musical career, and in the mean- 
time, having become interested in geology, enrolled at the University of Nebraska, from 
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which school he received his A.B. degree in January, 1926. He was a member of Sigma 
Gamma Epsilon (Delta Chapter), geology, mining, and metallurgy fraternity, the Tulsa 
Geological Society, and the American Association of Petroleum Geologists. 

Upon completion of his work at the University of Nebraska, he joined the M.T.C. Oil 
Company, Coffeyville, Kansas, as geologist and private secretary to the president of the 
company. Later in the year this company was moved to Tulsa, Oklahoma. He continued 
with the M.T.C. Company until June, 1929, when he joined Kent K. Kimball as a consult- 
ing geologist. 
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1930 MEMORIAL 


During the year 1930, he joined the geological staff of the Independent Oil and Gas 
Company under the direction of A. I. Levorsen. While with the Independent the details 
of his work dealt mainly with Kansas. Late in 1930, when the Independent sold its in- 
terests to the Phillips Petroleum Company, he transferred to Bartlesville, aiding with the 
consolidation of records of the two companies. For a short period he worked for the United 
States Geological Survey in Bartlesville, but returned to Tulsa, where he maintained a 
home. He was again associated with Kent K. Kimball as a consultant, later opening an 
office of his own as consultant and appraisal engineer. He continued in this capacity until 
January, 1937, at which time he joined Forrest H. Lindsay and associates of the South- 
western Royalty Company, and later the National Associated Petroleum Company, as 
geologist, in which capacity he remained until his death, July 26, 1949. 

He had lost his health for several years, beginning some time in 1942 while he was 
stationed in Evansville, Indiana, supervising the activities of the National Associated 
Petroleum Company production in Illinois. He continued with work regularly until Oc- 
tober, 1947, when he was stricken with an illness which was the forerunner of his final 
illness. During the intervening time he had spent very little time at his desk. 

He was married, February 15, 1930, to Miss Eloise Carter of Tulsa, Oklahoma, who 
survives him. He is also survived by his father, Andrew Lilienborg, of Kensington, Kansas, 
and a brother, Maynard, of California. 

Apart from being an able geologist, he was also an accomplished musician and sang for 
a number of years with ‘The Tulsans.” 

Kent K. KIMBALL 


Tulsa, Oklahoma 
September 23, 1949 


DWIGHT HUGH FORTINE 
(1904-1949) 


Dwight Hugh Fortine passed away in Glendale, California, on August 3, 1949, sur- 
viving his wife, Alice, by only 2 days, both having been ill for some time. These inseparable 
companions of many years were laid to rest together in Forest Lawn Memorial Park. 

They are survived by two sons, Eugene, age 19, who is majoring in petroleum engineer- 
ing at Stanford University, and Frederick, age 14, who now resides with his grandmother 
in North Hollywood. 

Dwight is also survived by his mother, Mrs. Lina Fortine, and two brothers, Wayne 
and Douglas. 

Dwight was born on November 19, 1904, on the Orcutt oil field lease near Santa Maria, 
California, the son of Fred and Lina Fortine. He attended elementary schools in the 
shadow of the California oil fields, completing his high school education at Taft, California. 
In 1922 he entered Stanford University and graduated in 1926 with an A.B. degree in 
geology. 

Dwight was first employed by the Barnsdall Oil Company during his summer vaca- 
tions in 1924 and 1925, working as a roughneck in the drilling department at the Rosecrans 
field. 

For a period of 2 years after graduating from college he gained practical experience 
working on drilling rigs, working for the California State Mining Bureau as an inspector, 
and engaging in petroleum engineering for the Miley Oil Company at Goleta, California. 
In May, 1928, he was employed as a petroleum engineer by the Shell Oil Company, Inc., 
and shortly thereafter was transferred to Maracaibo, Venezuela, for the Caribbean Pe- 
troleum Company for a period of 4 years. 

He became a member of the A.A.P.G. in 1930. 
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MEMORIAL 1931 


In 1931 Dwight returned to California where he was employed as a petroleum engineer 
by the Barnsdall Oil Company. In that capacity he was actively engaged in the expansion 
of the Rosecrans, Elwood, and Mt. View oil fields until 1935, when he was made production 
foreman. 

In 1943 he became drilling engineer, and devoted the greater part of his time to the 
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development of the Newhall-Potrero field. He was appointed to the position of chief 
geologist for the Pacific Coast division of the Barnsdall Oil Company in March, 1948, and 
held that position until the time of his death. Dwight’s ability and judgment are evidenced 
by his steady advancement within his company. He had an enormous capacity for work, 
and working hours or holidays meant little to him when there was a job to be done. 

Dwight’s many friends from the field department to the management of his company 
will remember him for his unswerving loyalty to his job, and his impartial friendship and 
cooperation with those he supervised as well as to those who supervised him. A number of 
them will also remember hunting and fishing trips with him which he enjoyed so much. He 
was a good father and pal to his sons. His many friends outside of the Barnsdall Oil Com- 
pany will remember him for his quiet, friendly nature and demonstrated ability as an 
engineer and geologist. 

All of his friends will remember him for the indomitable courage and faith displayed 
by him in his final and unsuccessful fight to regain his health. The loss of this devoted 
couple is keenly felt. 

R. T. WHITE 


Los Angeles, California 
September, 1949 
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NEWS OF THE PROFESSION 


ILLINOIS GEOLOGICAL SURVEY 


Appropriations for the biennium 1949-1951 to the Illinois Geological Survey were 
recently made by the State Legislature in the amount of $1,478,530, according to MorRIS 
M. LeicuTon, chief of the Survey. This is an increase of $331,940 over the preceding 
biennium which ended, June 30, 1949. 

The same Act authorized a new classification of salaries for positions on the scientific 
staff as recommended by the State Board of Natural Resources and Conservation. This 
made possible a higher level of salaries. 

The State Geological Survey and the State Natural History Survey occupy jointly 
their own building, the Natural Resources Building, on the campus of the University of 
Illinois, which was built and equipped in 1940 at a cost of approximately $800,000. The 
Geological Survey also has a separate Applied Research Laboratory for large-scale work, 
situated near the University Power Plant, which was also built in 1940 at a cost of ap- 
proximately $150,000. 

Two wings are now being added to the Natural Resources Building, an east wing for 
the Geological Survey and a west wing for the Natural History Survey, which will virtually 
double the space for both organizations, at a cost of $1,765,000. These funds were made 
available by the Legislature 2 years ago. An additional sum of $660,000 was appropriated 
by the Legislature during its session just ended for fixed equipment, furniture, and scien- 
tific apparatus for both wings, and a supplementary appropriation was made, amounting 
to $86,000 for alterations in the present building to accommodate certain laboratory and 
office changes incident to expansion. 

These new facilities will permit continuing on a somewhat expanded scale the program 
of integrated research by geologists, chemists, physicists, engineers, and mineral econo- 
mists which was begun in 1931. 

The growth of the Illinois Geological Survey has been steady and responsive to the 
results arising out of its research and to new opportunities for service in its field. At the 
present time the staff comprises 120 persons regularly employed on a full-time basis. Of 
this number there are 36 geologists, 12 chemists, 2 physicists, 3 engineers, 3 mineral econo- 
mists, 9 supervisory assistants, and 33 research and technical assistants. 


EvuGENE Homan, president of Standard Oil Company (New Jersey), has accepted the 
chairmanship of the New York convention committee of the Thirty-Sixth National For- 
eign Trade Convention to be held October 31-November 2 at the Waldorf-Astoria, New 
York. 


Car es R. Kors is with the Snare Engineering Corporation, Santiago, Chile. 


The Houston Geological Society luncheon program on September 26 was a paper on 
“Aluminum—from Mine to Metal,” by H. S. McQuEEn, of the Aluminum Company of 
America. 


Hunter C. GouEEN has left the Texas Petroleum Company at Bogota, Colombia, to 
join the Antilles Petroleum Company, Ltd., at Trinidad, B. W. I. 
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Joun E. CoppinceEr is employed as a petroleum engineer trainee in the cement de- 
partment of the Halliburton Oil Well Cementing Company, Snyder, Texas. 


GLENN M. FEDDEKSON is employed by the Shell Oil Company, Inc., at Pueblo, Colo- 
rado. 


J. Hoover Mackin, professor of geology at the University of Washington, and with 
the United States Geological Survey during the past 5 summers, spoke on “‘Altitudes and 
Local Relief of the Big Horn Area during the Cenozoic,” before the Rocky Mountain As- 
sociation of Geologists at Denver, Colorado, November 2. This was an A.A.P.G. Distin- 
guished Lecture. 


HERBERT D. HADLEY, formerly with Stewart and Hadley, has opened an office as con- 
sulting geologist at 801 Grand Avenue, Billings, Montana. 


Rosert A. BIsHoP is now engaged as a consulting geologist with offices at 812 Lan- 
caster Building, Calgary, Alberta, Canada. He was former manager of exploration with the 
Socony-Vacuum Exploration Company. 


GLEN C. THRASHER, who has been associated with HucH A. STEWarrt in the oil and 
gas consulting business in Denver, Colorado, will carry on the business, maintaining his 
office in the Continental Oil Building, Denver, Colorado. Stewart, who was recently ap- 
pointed director of the Oil and Gas Division, United States Department of the Interior, 
is retiring from the firm. 


T. A. Link will be the featured speaker at the annual dinner meeting of the Kansas 
Geological Society, Tuesday, December 6. During the meeting “The Geo-Follies of 1950” 
will also be presented and officers for the coming year will be elected. 


A.A.P.G. PACIFIC SECTION PAPERS, NOVEMBER 17-18, 1949 


Geology of West Flank of Temblor Range, Otto Hackel and Roy Turner. 

San Ardo Oil Fields and Vicinity, Thomas A. Baldwin. 

Cuyama Valley Geology and Development, Rollin Eckis. 

Geology North of Brooks Range, Alaska, O. F. Kotick. 

Luncheon speaker, President C. W. Tomlinson. 

Geological Interpretation of Offshore Seismic Results, Curtis H. Johnson and Robert B. Galeski. 
Configuration of Basement Complex in Los Angeles Basin, Jack E. Schoellhamer. 
Legal Aspect ef Tideland Controversy, William F. Clary. 

Thecry of Transgressive and Regressive Bioherm Development, Theodore A. Link. 
Geology and Exploration of Western Canada, Theodore A. Link. 

Geology of Placerita Oil Field, Robin Willis. 

Geology of North Sulphur Mountain, Irving T. Schwade and Spencer Fine. 
Vaqueros Sandstone of Santa Barbara Coast, E. Robt. Orwig. 

Exploration of Santa Rosa Island, Robert E. Anderson and Lowell E. Redwine. 
Investigations of Ocean Floor, Warren C. Thompson. 

Guijarral Hills Developments, John S. Loofbourow. 

Cenozoic Correlations, Robert T. White. 

Exploration and Development, Graham B. Moody. 

Time of Oil Accumulation, A. L. Levorsen. 

Stratigraphy of Eastern Nevada, Chas. W. Merriam. 

Some Observations on the Structure of Eastern Nevada, Fred L. Humphrey. 
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R. O. Youne, recently with the Creole Petroleum Corporation in Venezuela, is with 
the Trinidad Leaseholds, Ltd., at Pointe-a-Pierre, Trinidad, B. W. I. 


Cuartes S. Percy is connected with the Seeligson Engineering Committee, San 
Antonio, Texas. He was formerly geologist with the Stanolind Oil and Gas Company. 


James W. Crark, formerly with the Amerada Petroleum Corporation, is now associ- 
ated with the Kansas-Nebraska Natural Gas Company, Great Bend, Kansas. 


STEPHEN S. WINTERS, formerly at Newark Colleges, Newark, New Jersey, has joined 
the faculty of the Florida State University, at Tallahassee, as assistant professor in geology. 


Jor A. Larrp, consulting geologist of Houston, has become a member of the faculty 
of the department of petroleum engineering at the Texas A. and M. College, College Sta- 
tion, Texas. 


JosepH Lrin7z, Jr., recently with the General Petroleum Corporation at Durango, 
Colorado, is taking additional courses at the Johns Hopkins University, Baltimore, Mary- 
land. 


Paut L. Lyons, of the Carter Oil Company, Tulsa, has been appointed technical as- 
sistant to H. F. Moses, vice-president in charge of exploration and research. 


B. G. Martin, of the Gulf Oil Corporation, Houston, has been appointed assistant to 
J. H. Russe Lt, vice-president in charge of production. 


J. M. HaAnseE tt is chief geologist for the Canadian division of the Sun Oil Company, 
with headquarters at 525 Seventh Avenue West, Calgary, Alberta. Hansell has been re- 
gional geologist in the Dallas, Texas, office. 


The Fort Worth Geological Society met at dinner at the Hotel Texas, September 109, 
to hear president C. W. ToMLINnson speak on “Pennsylvanian Paleogeography of Southern 
Oklahoma.” Guests at the dinner were the past-presidents of the Association who are also 
members of the Fort Worth Society. They were H. B. Fuqua, F. L. AuRIN, and Henry A. 
Ley, and M. G. CuEney of Coleman, Texas. J. EARLE Brown, former business associate, 
paid tribute to the late J. ELmer Tuomas, first president of the Association, who died last 
month. Since F. H. ScHouTen, president of the Fort Worth Society, has been transferred 
by the Stanolind to Canada, H. C. VANDERPOOL has been made president and W. BAXTER 
Boyp has been appointed vice-president. THomas NICHOLS remains secretary-treasurer. 


FRENCH R. WHITE, JR., has left the Magnolia Petroleum Company to join the Puenti- 
citas Oil Company, Corpus Christi, Texas. 


C. E. Turesaup has left Venezuela where he was employed by the Caribbean Petro- 
leum Company. He is stationed at The Hague, Holland, with the Bataafsche Petroleum 
Mij. 

HAROLD J. KLEEN is central division manager in charge of geological, land, and scout- 


ing activities of the Kerr-McGee Oil Industries, Inc., Oklahoma City. Kleen was formerly 
district geologist for the Skelly Oil Company at Oklahoma City. 


Joun W. GABELMAN, instructor in geology at the Colorado School of Mines, is now 
geologist in the mining department of the Colorado Fuel and Iron Corporation, Pueblo, 
Colorado. 
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Wayne LOEL, consulting geologist and engineer, maintains his headquarters at 804 
Subway Terminal Building, Los Angeles, California. 


Joun O. Gattoway, formerly vice-president of the California Standard Company, 
recently opened a consulting office at Calgary, Alberta. He is connected with the Canadian 
Bank of Commerce as petroleum consultant. 


The first technical meeting of the Tulsa Geological Society, for the fall season was held 
in the auditorium of Lorton Hall at the University of Tulsa, 8:00 P.M., Monday, Oc- 
tober 3. The subject of the evening was “Pennsylvanian Paleogeography of Southern 
Oklahoma,” by C. W. Tomtrnson, president of A.A.P.G. 


WALLACE L. WILGUs, production geologist with the Shell Oil Company, was recently 
transferred from New Orleans, Louisiana, to Tulsa, Oklahoma where he will assume the 
duties of area production geologist for Shell’s Tulsa area. 


President C. W. Tom.inson presented his paper, “‘Lost Reserves,” to the Panhandle 
Geological Society, Amarillo, Texas, September 21. The Auxiliary Society entertained Mrs. 
Tomlinson with a review of ‘“Tales of the South Pacific” given by Mrs. Howard Lynch of 
Amarillo. The Tomlinsons were guests of both societies at this dinner meeting. 


Max L. Kruecer, Rocky Mountain division manager for Union Oil Company, re- 
signed, November 15, to become vice-president in charge of exploration for the Conorada 
Petroleum Corporation with headquarters in New York City. E. R. Atwi1t, formerly 
assistant chief geologist of the Pacific Coast division for the Union Oil at Los Angeles, 
becomes a division manager for the company’s Rocky Mountain operations. 


NATIONAL RESEARCH FELLOWSHIPS 


The National Research Council announces that its National Research Fellowships in 
the Natural Sciences will be continued in 1950. It is the purpose of these fellowships to pro- 
mote fundamental research in the natural sciences. These fellowships are award d to citi- 
zens of the United States or Canada, and they are generally restricted to persons under 35 
years of age. All requirements for the doctorate must have been completed prior to assum- 
ing the fellowship, and the Fellow must have demonstrated a high order of ability in re- 
search. Fellowships will be awarded by the Natural Sciences Fellowship Board of the N. R. 
C. at a meeting to be held early in 1950. Applications to be considered at this meeting must 
be filed on or before January 1, 1950. Tenure of the fellowship may begin at any appropri- 
ate time after the board meeting. These fellowships are available in the fields of mathe- 
matics, astronomy, physics, chemistry, geology, geophysics, paleontology, physical geog- 
raphy, botany, zoology, biochemistry, biophysics, agriculture, forestry, anthropology, 
and psychology. Further information and application blanks may be obtained from the 
Fellowship Office, National Research Council, 2101 Constitution Avenue, N. W., Wash- 
ington 25, D. C. 


RENE PoMEyrOLz after a long stay at home, is now consulting geologist for the Bureau 
de Recherches de Petrole, 85, Boulevard du Montparnasse, Paris, 6°, France. 


M. J. Munn, age 75 years, died at Texarkana, Texas, October 2. He was engaged in 
geological work in Oklahoma for many years after 1912. He was a graduate of the Univer- 
sity of Arkansas and had served on the United States Geological Survey. 


E. B. Nose, of the Union Oil Company of California, was appointed, effective Oc- 
tober 1, general manager for Canada. His headquarters office is in Calgary, Alberta, and he 
will be responsible for all exploration and development north of the International line. 
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STANLEY G. WISSLER has been appointed chief geologist of the Pacific Coast division 
of the Union Oil Company, with headquarters in Los Angeles, succeeding L. N. WATER- 
FALL, who has resigned to enter consulting practice. R. G. GREENE is manager of explora- 
tion in the Pacific Coast division. 


Lon D. Cartwricut, chief geologist of the Gulf division of the Union Oil Company, 
has been appointed chief geologist for all Union operations. 


Paut E. M. Purcett announces the Purcell Exploration Service, Wichita Falls, 
Texas. 


R. E. Writs, recently with the Magnolia Petroleum Company, is at Lawrence at the 
University of Kansas, geology department, Lindley Hall. 


Joun W. Huppte has moved from the University of North Carolina to 301-B Admin- 
istration Building, University of Kentucky, Lexington. 

Joun P. Lewis has left the Sohio Petroleum Company to become geologist for the 
Chapman Oil Company in Mt. Pleasant, Michigan. 


The Pacific Section of the Association held a luncheon meeting, October 6, at the 
Clark Hotel, Los Angeles, California, and listened to R. R. MARTEL, professor at the Cali- 
fornia Institute of Technology, Pasadena, present his paper “Studies of Earthquake Re- 
sistant Structures.” 

ARTHUR GILBERTSON HUTCHISON, age 47 years, was killed in an accident, August 6, 
while examining the Lower Carboniferous rocks on the Cornwall Coast, near the town of 
Tenby, England. He was connected with the N. V. de Bataafsche Petr. Mij. at The Hague. 


N. B. Larsu, formerly with the Sinclair Oil and Gas Company, Midland, Texas, is now 
with the Danciger Oil and Refining Company. 


FRANK O. BENNETT has entered the field of consulting geology, 308 Petroleum Build- 
ing, Wichita, Kansas. He has been with the firm of Rust, Ward, and Bennett. 


J. J. Dozy has left The Hague to go to Indonesia in the employ of the Bataafsche 
Petroleum Mij. The address is Willemslaan 2, Batavia, Indonesia. 


Fritz GAYLORD NAGEL is on leave from the Ohio Oil Company to do graduate work 
at the Northwestern University, Evanston, Illinois. 


WitiiAm Gray Park has moved from Golden, Colorado, to work for the Petroleum 
Service Company, Alamo National Building, San Antonio, Texas. 

CyriL J. PERISEK is employed in Midland, Texas, by the Residue Research Labora- 
tory. 

GEORGE E. CARVER, JR., recently resigned his position with the Kerr-McGee Oil In- 
dustries, Inc., to join the United Carbon Company as geologist. He is at Sayre, Oklahoma. 

Joun A. STOKLEY resigned from the University of Kentucky, geology department, in 
September, to attend the Washington University, St. Louis, Missouri, to do work toward 
the Ph.D. in geology. 

A. J. EarpLey has resigned from the University of Michigan and has accepted a pro- 
fessorship in the department of geology of the University of Utah, Salt Lake City, Utah. 


Horace G. RIcHARDS, associate curator of geology and paleontology at the Academy 
of Natural Sciences of Philadelphia, returned recently from a month’s trip to Europe. On 
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the trip he conferred with numerous European geologists and also studied Pleistocene and 
Cretaceous localities in England, France, Czechoslovakia, Poland, Denmark, and the 
Netherlands. He has been appointed special lecturer in geology at the University of Penn- 
sylvania for the year 1949-1950. 


E. RayMonp RIno, JR., senior subsurface geologist at the Barco Concession of Colom- 
bia, has left the Socony-Vacuum Oi] Company to return to the Rocky Mountain area after 
having completed 3 years of tropical work. 


THEODORE A. LINK, consulting geologist of Toronto and Calgary, Canada, vice-presi- 
dent of the A. A. P. G. and of the Geological Association of Canada, delivered a talk on 
“Western Canadian Geology” at the Canadian Institute of Mining and Engineering So- 
ciety meeting at Vancouver on October 18, and a similar talk to the Pacific Section of the 
A. A. P. G. at the annual fall meeting in Los Angeles, November 17. He also took part in a 
field trip through the coral-reef area of West Texas and New Mexico in connection with 
the annual meeting of the Geological Society of America, at El] Paso, Texas, November 
10-12. During the fall he delivered a series of lectures on ‘“‘The Theory of Transgressive 
and Regressive Reefs or Bioherm Development, and the Origin of Oil within Them.” This 
series is sponsored by the Association as one of the Distinguished Lecture tours. 


LEONARD W. ORyYNSKI announces the opening of his office as consulting geologist at 
604 Republic Bank Building, Dallas, Texas. 


H. B. Fweva is chairman of the board of directors of the Texas Pacific Coal and Oil 
Company, Fort Worth, Texas, and C. E. YAGER is president of the company. 


VireciL R. D. Kirkuam died at Spokane, Washington, September 24, at the age of 55 
years. 


The Southeastern Geological Society has completed its Mesozoic cross sections cover- 
ing Florida, eastern Alabama, and Georgia, prepared for the Gulf Coast section of the 
Mesozoic sub-committee, geologic names and correlations committee of the American 
Association of Petroleum Geologists. Five cross sections on four sheets comprise a set. 
The cost is $8.00 per set. Sets will not be broken. Orders may be sent to the Southeastern 
Geological Society, Box 841, Tallahassee, Florida. 


The Southern Production Company, Inc., Shreveport, Louisiana, recently announced 
that C. D. STEPHENSON, chief geologist, has been elected vice-president of the company. 


H. M. Kirk is manager of the Tide Water Associated Oil Company, Royal Bank 
Building, Regina, Saskatchewan, Canada. 


ELpon J. ParizeEx is professor of geology at the University of Georgia, Athens, 
Georgia. 


JEAN E. Soapy is doing post-graduate work at Augustana College, Rock Island, 
Illinois. 


Raymonp J. Strpex has left the Union Oil Company of California to join the firm of 
Keans, Springmann, and Stipek, General Petroleum Building, Los Angeles, California. 


W. A. HALAMICEK, JR., is a graduate student at the University of Texas, Austin, 
Texas. 


MELVIN N. LEVET is research engineer with the California Research Corporation, La 
Habra, California. 
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WiiurAm C. RasmussEN has left the Speed Oil Company to take charge of United 
States Geological Survey studies of ground-water resources on the Eastern Shore of Mary- 
land, in cooperation with the Maryland Department of Geology, Mines, and Water Re- 
sources. Headquarters for the work are at Salisbury, Maryland. 


The first fall meeting of 1949 of the Eastern Section of the Association was called to 
order by president Hotiis D. HEDBERG on September 20, in New York City. There were 
46 present at the dinner meeting in the Mining Club: 41 members and 5 visitors. The fol- 
lowing officers were elected for the year 1950: Doucias A. GreEIG, president, FRANK 
NOTESTEIN, vice-president, Brooks ELLIs, treasurer, and A. J. HAwortTH, secretary. 
MARSHALL Kay spoke on “‘Geosynclines.” 


A.A.P.G. REGIONAL MEETING, OKLAHOMA CITY, JANUARY 12-13, 1950 


The Association has accepted the invitation of the Oklahoma City Geological Society 
to hold a mid-year regional meeting at Oklahoma City on January 12 and 13, 1950. Sub- 
jects for presentation should be restricted to Mid-Continent geology. Authors may submit 
titles and abstracts to F. H. Kate, 608 Colcord Building, Oklahoma City 2, Oklahoma. 
Officers of the Oklahoma City Geological Society are: president, R1IzER EvVEREtT, Carter 
Oil Company; secretary, L. W. Curtis, Sohio Petroleum Company; treasurer, JOSEPH M. 
SEARS, independent. Further notices will be sent the members. 


The first regular luncheon meeting of the Oklahoma City Geological Society for the 
1949-1950 season was held on September 8. CRAIGN SmiTH, Oklahoma County Assessor, 
spoke on “‘Advalorem Taxes.” At the regular meeting on September 22, the Society heard 
a talk by H. M. Rackets on the topic of “Gem Cutting.” At a special evening meeting on 
October 5, the speaker was WARREN BEEBE. His subject was “Geologic Responsibility in 
Seismic Exploration.” 


Rurus M. SmirH arranged the following technical program for the Pacific Section of 
the Association, at Los Angeles, California, October 17: W. H. Corey, Continental Oil 
Company, Los Angeles, “South Coast Correlations”; O. E. BowEN, JR., State Division of 
Mines, San Francisco, ‘Stratigraphic and Structural Features of the Barstow Quadrangle 
and Vicinity”; E. D. Lynton, California Research Corporation, San Francisco, “‘A Geolo- 
gist’s Views of the French Oil Industry and Europe.” 


W. D. Ows ey, Halliburton Oil Well Cementing Company, spoke on the subject “The 
Hydrafrac Process,’’ before the Houston Geological Society, Houston, Texas, October 10. 


The following technical programs have been presented by the Tulsa Geological So- 
ciety, Tulsa, Oklahoma: October 14, “Observations on Cuba,’? CLARK MILLISON, consul- 
tant geologist; October 17, ‘Pennsylvanian Sediments on the Northerly Flank of the 
Pauls Valley Arch,” Lon B. Turk, geologist, rst National Bank, Oklahoma City; October 
21, “The Missouri-Virgil Boundary, Kansas-Oklahoma Line to the Arbuckle Mountains, 
Oklahoma,’”’ Matcorm C. OaKkEs, Oklahoma Geological Survey. 


The Kansas Geological Society has held recent meetings in Wichita with programs as 
follows: October 25, L. G. CoomBart, “Factors Involved in Practical Electric-Log Analy- 
sis”; November 4, EUGENE C. REED, Nebraska Geological Survey. The fall field trip was 
held on October 29 under the leadership of J. M. Jewett, of the Kansas Geological Survey. 
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PROFESSIONAL DIRECTORY 


CALIFORNIA 


WALKER S. CLUTE 
Geologist and Petroleum Engineer 


509 Havenstrite Oil Building 
811 West Seventh Street 
LOS ANGELES 14, CALIFORNIA 


Telephone Route 7, 4 
Bakersfield 4-4173 


DREXLER DANA 
Geologist and Petroleum Engineer 


Bakersfield, California 


10 Fairway Drive 


E. FRED DAVIS 
Geologist 


1203 Hollingsworth Building 
606 South Hill Street 


TUcker 1729 LOS ANGELES 14 


Geologist 


501 South 
Telephone 1332 


EVERETT C. EDWARDS 


Laguna Beach, California 


Coast Boulevard 


PAUL P. GOUDKOFF 
Geologist 


Geologic Correlation by Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


Geologist 


555 South Flower 
Los ANGELES 13 


HAROLD W. HOOTS 


CALIFORNIA 


LUIS E. KEMNITZER 
KEMNITZER, RICHARDS AND DIEPENBROCK 
Geologists and Petroleum Engineers 


1003 Financial Center Building 
704 South Spring Street 
LOS ANGELES 14, CALIFORNIA 


707 South Hill Street 


Vandike 7087 


VERNON L. KING 


Petroleum Geologist and Engineer 


Los ANGELES, CALIFORNIA 


DAN KRALIS 


Geologist 


1307 Dakota Ave. 
FRESNO, CALIFORNIA 


ERNEST K. PARKS 
Consultant in 
Petroleum and Natural Gas Development 
and 
Engineering Management 
614 S. Hope St. 
LOS ANGELES, CALIFORNIA’ 


RICHARD L. TRIPLETT 
Core Drilling Contractor 


1660 Virginia Road 


PArkway 9925 Los ANGELES 6, CALIF. 


A. I. LEVORSEN 


STANFORD UNIVERSITY 


Petroleum Geologist 


CALIFORNIA 


Western Geophysical Com 


Pacific Mutual Building 
523 West Sixth Street 


HENRY SALVATORI 


LOS ANGELES, CALIFORNIA 


pany 


CANADA 


THEO. A. LINK 


Geologist 
31st Floor 810A First Street West 
25 King Street West Calgary, Alberta 
Toronto 1, Ontario 


Elgin 7313 CANADA 


Main 3005 
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COLORADO 


DUNN AND BOREING 


Petroleum Geologists 


BURTON C. DUNN 
M. J. BOREING 


208 Newman Building 
DURANGO, COLO. 


Cc. A. HEILAND 
Heiland Research Corporation 


130 East Fifth Avenue 
DENVER 9, COLORADO 


CLARENCE E. MANION 
Consulting Geologist 
1740 Grape Street, Denver 7, Colo. 
Phone Fremont 2234 


HARRY W. OBORNE 
Geologist 


620 East Fontanero Street 
Colorado Springs, Colorado 
Main 4711 


EVERETT S. SHAW 
Geologist and Engineer 


3141 Zenobia Street 


EDWARD C. SIMPSON 
Geologist 
620 Cherry Street 


DENVER 12 COLORADO DENVER 7, COLORADO 
ILLINOIS 
V. ZAY SMITH L. BRUNDALL 
R. McMILLAN A. R. WASEM C. E. BREHM 


Geophoto Services 


Photogeologists and Consulting Geologists 
305 E & C Building DENVER 2, COLO. 


Consulting Geologist 
and Geophysicist 
New Stumpp Building, Mt. Vernon, Illinois 


ILLINOIS 


J. L. MCMANAMY 


Consulting Geologist 


Mt. Vernon, Illinois 


L. A. MYLIUS 


Geologist Engineer 
328 E. Broadway 


Box 264, Centralia, Illinois 


T. E. WALL 


Geologist 


Mt. Vernon Illinois 


INDIANA 


HARRY H. NOWLAN 


Consulting Geologist and Engineer 
Specializing in Valuations 
Evansville 19, Indiana 


317 Court Bldg. Phone 2-7818 


INDIANA 


KANSAS 


E. E. REHN 
Consulting Geologist 
308 Grein Building Telephone 
Evansville 8, Indiana 4-1743 


WENDELL S. JOHNS 


PETROLEUM 
GEOLOGIST 


Office Phone 3-1540 
Res. Phone 2-7266 


600 Bitting Building 
Wichita 2, Kansas 


x 
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KANSAS 


LOUISIANA 


EDWARD A. KOESTER 
Petroleum Geologist 
302 Orpheum Bldg., Wichita, Kansas 


GORDON ATWATER 
Consulting Geologist 
Whitney Building 


New Orleans Louisiana 
LOUISIANA MISSISSIPPI 
WILLIAM M. BARRET, INC. G. W. GULMON N. W. JOHNS 


Consulting Geophysicists 


Specializing in Magnetic Surveys 
Giddens-Lane Building SHREVEPORT, La. 


MISSISSIPPI 


GULMON AND JOHNS 
Petroleum Geologists 


Byrnes Bldg. NATCHEZ, MISS. Phone 735 


R. Merrill Harris Willard M. Payne 
HARRIS & PAYNE 
Geologists 


100 East Pearl Bldg. 
Jackson, Miss. 


Phone 2-6286 
or L. D. 89 


G. JEFFREYS 
Consulting Geologist 
Box 2415 
West Jackson 117, Miss. 
100 East Pearl St. Phone 3-2285 


FREDERIC F. MELLEN 
Consulting Geologist 
P.O. Box 2584 
West Jackson Station 
Jackson, Mississippi 


113% W. Capitol Street Phone 54541 


MONTANA 


NEW MEXICO 


HERBERT D. HADLEY 


Petroleum Geologist 
Billings, Montana 


801 Grand Ave. Phone 2950 


VILAS P. SHELDON 
Consulting Geologist 


Office Phone 720-W 
Home Phone 702-J 


Carper Building 
Artesia, New Mexico 


NEW MEXICO 


NEW YORK 


SHERMAN A. WENGERD 
Petroleum Geologist 
and Photo-geologist 


Mobley Building 


121 South Yale Telephone 2-3352 


or 
8861 Ext. 392 


BROKAW, DIXON & McKEE 
Geologists Engineers 
OIL—NATURAL GAS 
Examinations, Reports, Appraisals 
Estimates of Reserves 
120 Broadway Gulf Building 


NEW YORK OHIO 
BASIL B. ZAVOICO JOHN L. RICH 
Petroleum Geologist and Engineer Geologist 


City National Bank Bldg. 
Houston, Texas 
Charter 4-6923 


220 E. 42nd St. 
New York 17, N.Y. 
MuUrray Hill 7-7591 


General Petroleum Geology 


Geological Interpretation of Aerial Photographs 


University of Cincinnati 
Cincinnati, Ohio 
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OHIO 


OKLAHOMA 


GORDON RITTENHOUSE 


ELFRED BECK 
Geologist 
Specializing in sedimentation Geologist 
and sedimentary petrology 
University of Cincinnati 821 Wright Building . Box 35 
Cincinnati 21, Ohio TULSA, OKLA. DALLAS, TEX. 
CRAIG FERRIS E. J. HANDLEY 


Geophysicist 


E. V. McCollum & Co. 
$15 Thompson Bldg. 
Tulsa 3, Okla. 


Vice-President 
CENTURY GEOPHYSICAL CORPORATION 


Phone 5-1171 


1333 North Utica Tulsa 6, Okla. 


R. W. LAUGHLIN 
WELL ELEVATIONS 
LAUGHLIN-SIMMONS & Co. 


615 Oklahoma Building 
TuLsa OKLAHOMA 


FRANK A. MELTON 
Consulting Geologist 
Aerial Photographs 


and Their Structural Interpretation 


1010 Chautauqua Norman, Oklahoma 


CLARK MILLISON 
Petroleum Geologist 
Domestic and Foreign Consultation 


Philtower Building Tulsa, Oklahoma 


P. B. NICHOLS H. T. BROWN 
Mechanical Well Logging 


THE GEOLOGRAPH COMPANY, INC, 
27 N.E. 27 
Phone 58-5511 P.O. Box 1291 
Oklahoma City 1, Oklahoma 


HUGH C. SCHAEFFER 
Geologist and Geopbysicist 
Schaeffer Geophysical Company 


Federal National Bank Building 
SHAWNEE, OKLAHOMA 


JOSEPH A. SHARPE 


Geophysicist 


Frost GEOPHYSICAL CORPORATION 
4408 South Peoria Ave. Tulsa 3, Okla. 


WARE & KAPNER 
SAMPLE LOG SERVICE 


Wildcat Sample Log Service 
Covering Southern Oklahoma 
John M. Ware H. H. Kapner 
Tulsa, Oklahoma 
332 East 29th Place 7-6539 


G. H. WESTBY 
Geologist and Geophysicist 


Seismograph Service Corporation 
Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


TEXAS 


HUNTLEY & HUNTLEY 
Geologists and Engineers 
Empire Building, Pittsburgh, Pa. 
meus G. 
ROBERT S. STEWART 
L. Guy HUNTLEY 


J. R. Jr. 


JOSEPH L. ADLER 
Geologist and Geophysicist 
Contracting Geophysical Surveys 
Outside of United States 
Independent Exploration Company 
Esperson Building Houston 2, Texas 


ae xii 
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TEXAS 


CHESTER F. BARNES 
Geologist and Geophysicist 


Petroleum Bldg. P.O. Box 266, Big Spring, Tex. 


BRYAN D. BECK, JR. 
Petroleum Consultant 
Geology Engineering Micropaleontology 


Bowie Building | Beaumont, Texas 


R. L. BECKELHYMER 


Consulting Geologist 


Domestic and Foreign Experience 
307 Rusk Building Houston 2, Texas 


IRA A. BRINKERHOFF 
Geologist 


Associated with 
CUMMINS, BERGER & PISHNY 


JOHN L. BIBLE 
Consulting Geophysicist 
TIDELANDS EXPLORATION COMPANY 
Seismic and Gravity Surveys on Land and Sea 
2626 Westheimer 
Houston 6, Texas 


HART BROWN 


Brown GEOPHYSICAL COMPANY 


National Standard Building Gravity 
Houston, Texas P.O. Box 6005 Houston 6, Texas 
E. O. BUCK R. W. BYRAM 


Geologist and Petroleum Engineer 
NATIONAL BANK OF COMMERCE 
Gutr BuiLpInc, Houston, TExAs 


R. W. BYRAM & COMPANY 
Geologists and Petroleum Engineers 


Texas Oil and Gas Statistics Austin, Texas 


GEORGE W. CARR 
Carr Geophysical Company 


Commerce Building Houston, Texas 


PAUL CHARRIN 
Geologist and Geophysicist 


PERFORATING GUNS ATLAS CORPORATION 
3915 Tharp Street, Houston 3, Texas 


913 Union National Bank Building 
Houston 2, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 
705 Nat'l Standard Bldg. 
HOUSTON, TEXAS 


JACK COLLE 
Consulting Geologist and Paleontologist 


1205 Kenwood 
HOUSTON, TEXAS 
Ph. LI 8031 


CUMMINS, BERGER & PISHNY 
Consulting Engineers & Geologists 


Specializing in Valuations 


1603 Commercial Ralph H. Cummins 
Standard Bldg. alter R. Berger 
Fort Worth 2, Texas Chas. H. Pishny 


R. H. DANA 
Southern Geophysical Company 


Sinclair Building 


FORT WORTH, TEXAS 
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TEXAS 


E. DeGOLYER ALEXANDER DEUSSEN 


Geologist Consulting Geologist 


Esperson Building Specialist, Gulf Coast Salt Domes 
Houston, Texas 


Continental Building 
Dallas, Texas 


413 Commerce Building Addition 
HOUSTON 2, TEXAS 


DAVID DONOGHUE RALPH H. FASH 
Consulting Geologist Consulting Chemist 
Appraisals - Evidence - Statistics Chemistry applied to the search for oil 
Telephones: 
Fort Worth National FORT WORTH, 1811 W. T. Waggoner Bldg. Office 3-7351 
Bank Building TEXAS Fort Worth 2, Texas Res. 5-3852 
HERSHAL C. FERGUSON F. gerne FOHS 
Consulting Geologist and Paleontologist 2133 
Esperson Building Houston 2, Texas 
HOUSTON, TEXAS 11 E. 44th Street 
8251 Gravier Street New Orleans, Louisiana New York 17, N.Y. 


National Geophysical Company 


Petroleum Geology & Engineering 
8800 Lemmon Avenue 


Dallas, Texas 


Gulf Bldg. HOUSTON, TEXAS 
MICHEL T. HALBOUTY 
SIDON HARRIS 
Consulting 
Geologist and Petroleum Engineer Southern Geophysical Company 
Suite 729-32, Shell Bldg. 
disse aie Phone P-6376 1003 Sinclair Building, FORT WORTH 2, TEXAS 
CHARLES F. HENDERSON L. B. HERRING 
Consulting Geologist Geologist 
606 First National Bank Building Natural Gas Petroleun 
f D, TEX. 
P.O. Box Phone 1507 Second National Bank of Houston, Houston, Texas 
JOHN M. HILLS SAMUEL HOLLIDAY 
Consulting Geologist Consulting Geologist 
Midland, Texas 207 Mulberry Lane 


Box 418 Phone 1015 Bellaire, Texas 
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TEXAS 


R. V. HOLLINGSWORTH 
HAROLD L. WILLIAMS 
PALEONTOLOGY LABORATORY 


Box 51 Phone 2359 
MIDLAND, TEXAS 


J. S. HUDNALL G. W. PIRTLE 


HuDNALL & PIRTLE 
Petroleum Geologists 


Appraisals Reports 
Peoples Nat'l Bank Bldg. TYLER, TEXAS 


Cc. E. HYDE 
Geologist and Oil Producer 


1715 W. T. Waggoner Building 


FORT WORTH 2, TEXAS 


JOHN S. IVY 


Geologist 


1124 Niels Esperson Bldg. HOUSTON, TEXAS 


W. P. JENNY 
Consulting Geologist and Geophysicist 
AERIAL MAGNETIC and MICROMAGNETIC 


SURVEYS and INTERPRETATIONS 
GEOPHYSICAL CORRELATIONS 


1404 Esperson Bldg. HOUSTON, TEXAS 


V. ROBERT KERR RAY W. DUDLEY 
Consulting Seismologists 
Seismic Supervision 


Original and Review Interpretations 


CUMMINS, BERGER AND PISHNY 
Commercial Standard Bldg. Fort Worth 2, Tex. 


H. KLAUS 
Geologist and Geophysicist 
Kaus EXPLORATION COMPANY 
Geophysical Surveys and Interpretations 
Gravitymeter, Torsion Balance 
and Magnetometer 
Box 1617, Lubbock, Texas 


JOHN D. MARR 
Geologist and Geophysicist 


SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


PHIL F. MARTYN 
Petroleum Geologist 


2703 Gulf Building 


CHarter-0770 Houston 2, Texas 


O. G. McCLAIN & H. C. COOKE 
MARIE GRAMANN 
Consulting Geologists 


Exploration - Development 
426 Wilson Building 
Corpus Christi, Texas Phone 2-4132, 5568 


HAYDON W. McDONNOLD 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 
2813 Westheimer Road Houston, Texas 


R. L. McLAREN 


TEXAS SEISMOGRAPH COMPANY 


Panhandle Bldg. WICHITA FALLS, TEXAS 


GEORGE D. MITCHELL, JR. 
Geologist and Geophysicist 


ADVANCED EXPLORATION COMPANY 
622 First Nat'l Bank Bldg. Houston 2, Texas 


R. B. MITCHELL 
Consulting Geologist 


THE R. B. MITCHELL COMPANY 


City National Bank Bldg. Houston 2, Texas 
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TEXAS 
P. E. NARVARTE 
CHAS. GILL MORGAN Consulting Geophysicist 
Research in Structural Geology Seismic Interpretations 
Current Supervision and Review 
“7963 American Hospital & Life Building 
San Antonio 5, Texas 
LEONARD J. NEUMAN 
Geology and Geophysics ROLAND B. PAXSON 
Contractor and Counselor Consulting Geologist 
Reflection and Refraction Surveys and : 
Petroleum Engineer 
943 Mellie Esperson Bldg. Houston, Texas 
1933 Commerce Bldg. Houston 2, Texas 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 


No Commercial Work Undertaken 


ROBERT H. RAY 
RoBerT H. Ray, INc. 


Geophysical Engineering 
Gravity Surveys and Interpretations 


2500 Bolsover, P.O. Box 6557 Houston 5, Texas 


J. C. POLLARD 
Robert H. Ray, Inc. 
Rogers-Ray, Inc. 
Geophysical Engineering 
2500 Bolsover, P.O. Box 6557 Houston 5, Texas 


HUBERT L. SCHIFLETT 


STATES EXPLORATION COMPANY 


Sherman Texas 


F. F. REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INC. 


1007 South Sheperd Drive Houston 19, Texas 


E. JOE SHIMEK HART BROWN 
GEOPHYSICAL ASSOCIATES 
Seismic 


P.O. Box 6005 Houston 6, Texas 


A. L. SELIG 


Consulting Geologist 


Gulf Building Houston, Texas 


HARRY C. SPOOR, JR. 
Consulting Geologist 
Petroleum... .. +» Natural Gas 


Commerce Building Houston, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 


2101-02 Alamo National Building 
SAN ANTONIO, TEXAS 


RODERICK A. STAMEY 
Petroleum Geologist 


Rusk Building 
Houston TEXAS 
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TEXAS 


W. W. WEST 
PERMIAN BASIN SAMPLE LABORATORY 
123 Midland Tower Phone: 3400 Midland, Texas 


All current West Texas and New Mexico Permian 
Basin wildcat and key pool well sample descrip- 
tions on a monthly subscription basis. 


Descriptions on old wells. 


CHARLES C. ZIMMERMAN 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


UTAH 


WEST VIRGINIA 


DORSEY HAGER 
Consulting Geologist 
GEOLOGICAL RESEARCH CO. 

801 Continental Bank SALT LAKE CITY 
Bldg. UTAH 
Telephone 5-9832 


DAVID B. REGER 
Consulting Geologist 


217 High Street 
MORGANTOWN WEST VIRGINIA 


WYOMING 


E. W. KRAMPERT 
Consulting Geologist 


P.O. Box 1106 
CASPER, WYOMING 


HENRY CARTER REA 
Consulting Geologist 
Specialist in Photogeology 


Box 294 
CASPER, WYOMING 


FOR SALE 


EXCELLENT RECORDING TRUCK 


24-trace seismic recording truck complete with 30 
seismometers, and two 1500’ 12-pair cables. Complete 
in every respect and in good operating condition. Equip- 
ment manufactured by one of the largest geophysical 
manufacturing companies. Mounted on 45 Model, 11%- 
ton Ford truck, in good condition. 


If interested in a complete seismic unit ready for field 
operation at a bargain price, this is your opportunity. 


ONLY $6000.00 


Write or wire 


802 DANIEL BLDG. TULSA, OKLAHOMA 
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GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 


President - - - - - Andrew J. Gilmour 
Amerada Petroleum Corporation 
Box 2040, Tulsa, Oklahoma 
Vice-President - - - - George E. Wagoner 
Carter Oil Company 
Shreveport, Louisiana 
Editor Rg. A. 
Humble Oil and Refining “Company 
Houston, Texas 
Secretary-Treasurer - - - - - + K, E. Burg 
Geophysical Service, Inc. 

6000 Lemmon Ave., 
Past-President - - Nettleton 
Gravity Meter Exploration 
1348 Esperson Bldg. ., Houston, Tex. 
Business Manager - - - + Colin C. Campbell 
Room 210, 817 South Boulder, Tulsa, Oklahoma 
P.O. Box 1614 


CALIFORNIA 


PACIFIC SECTION 
AMERICAN ASSOCIATION OF 


PETROLEUM GEOLOGISTS 
President - + - + « Clifton W. Johnson 
Richfield Oil Corporation 
Room 430, Richfield Bldg. 

Los Angeles 13, California 
Vice-President - + - - + John E. Kilkenny 
Chanslor-Canfield Midway Oil Company 
4549 Produce Plaza West, Los Angeles 11 
Secretary-Treasurer - - + + Harold E. Rader 
Standard Oil a Box 2437, Terminal Annex 
s Angeles 54 
Monthly meetings. Visiting geologists are welcome. 


CALIFORNIA 


COLORADO 


SAN JOAQUIN GEOLOGICAL SOCIETY 
BAKERSFIELD, CALIFORNIA 


President - - - + + + Robert B. Hutcheson 
The Superior Oil Company, Box 1031 
Vice-President - - - + + Floyd L. Johnson 
Honolulu Oil Corporation 


Secretary-Treasurer - - - Maxwell G. Caben 
Seaboard Oil Company of Delaware, Box 7 


Dinner meetings on 2d Tuesday of each month or 
as announced, El Tejon Hotel, Bakersfield. 


ROCKY MOUNTAIN 
ASSOCIATION OF GEOLOGISTS 


COLORADO 
- Dart Wantland 
U.S. Reclamation Service 
1st Vice- President - S. W. Lohman 

U. 5. Geological Survey 

136 New Customhouse 
2d Vice-President - - E. W. Scudder 
5. Corporation 

Box 2098 


President - 


-Treasurer - + + Kenneth L. Gow 
uperior Oil Company of California 
506 First National Bank Building 


Evening dinner (6:30) and technical program 
(8:00) first Tuesday each month or by announce- 


ment. 
FLORIDA ILLINOIS 
SOUTHEASTERN ILLINOIS 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
Box 841 President - -C. E. Brehm 
TALLAHASSEE. FLORIDA C. BE. Brehm Drilling & Producing 
President - - W. C. Blackburn Mt. Vernon 
Humble Oil and Refining Company, Box 506 Vice-President - - Neely 
Secretary-Treasurer - - - + Albert A. Raasch Petroleum. Compan 
Oil Company, Box 535, Mt. Vernon 


Meetings will be announced. Visiting geologists 
and friends are welcome. 


Secretary-Treasurer + « d A. Harri 


Meetings will be announced. 


INDIANA-KENTUCKY 


KANSAS 


INDIANA-KENTUCKY 
GEOLOGICAL SOCIETY 
EVANSVILLE, INDIANA 
President - - H. W. Bodkin 
Superior Oil 


G. Sutton 


Sun Oil Company, Box 
Secretary-Treasurer - - J. B. Vaughan 
Ashland Oil and Refining Company 
Henderson, Kentucky 


Meetings will be announced. 


KANSAS GEOLOGICAL SOCIETY 
WICHITA, KANSAS 
President - - + + + Don W. Payne 
Sinclair Prairie Oil Company 
- + T. G. Wright 
Stanolind Oil and Gas 
Secretary-Treasurer F. Reiserer 
Superior Oil Company, $10 K H. Bldg. 


lar Meetings: 7:30 P.M., Botedent Room, 
of first Tuesd of each month. 
Noon luncheons, first and third Monday of each 
month at Wolf's Cafeteria. The Society sponsors 
the Kansas Well Log Bureau, and the Kansas Well 
Sample Bureau, 508 East Murdock. Visiting geolo- 
gists and friends welcome. 
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LOUISIANA 


NEW ORLEANS 
GEOLOGICAL SOCIETY 
NEW ORLEANS, LOUISIANA 
President - - - - Leslie Bowling 
Consultant, 529 Whitne Building 
Vice President and Program Chairman - - - 
A. P. Claudet 
Schlumberger “Well Surveying Corporation 


451 Canal Building 
Secretary - - E. A. Gibson 
Humble Oil and Refinin, Company 
1405 Canal Buildin 
Treasurer - - Charles DeBeblieux 
Consultant, 902 Baronne Building 
Meets the first Monday of every month, October- 
May, inclusive, 12 noon, St. Charles Hotel. 
Special meetings by announcement. Visiting geol- 
ogists cordially invited. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 


President - ctor P. Grage 
Consultant, 415 Ardis Bailing 
Vice-President - - - R. Wade 


Schlumberger Well Surveying Corporation 


Secretary-Treasurer - - - + Charles A. Hickcox 
Centenary College, Box 750 


Meets monthly, September to May, inclusive, in 
the State Exhibit Building, Fair Grounds. All 
meetings by announcement. 


LOUISIANA 


MICHIGAN 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 


- W. B. Neill 
Stanolind Oil and Gas — 
Vice-President - - - Haberstick 
Atlantic Refining Company 
Secretary - - -_ James M. Whatley 
Union ‘Sulphur Compeny 
Treasurer + - Bert C. Timm 
Magnolia Petroleum “Company 


Meetings: Dinner and business meetings third 

Tuesday of each month at 7:00 P.M. at the Ma- 

= Hotel. Special meetings by announcement. 
isiting geologists are welcome. 


President 


MICHIGAN 
GEOLOGICAL SOCIETY 
MOUNT PLEASANT, MICHIGAN 


President - - + Glenn C. Sleight 
Sun Oil Company, Taylor Building 
Vice-President - - - - Manley Osgood, Jr. 
Consultant, 502 Ss; Atnold St. 
Secretary-Treasurer - - - Jack ‘Monessen 
Sohio Oil Company, 601 S. Main St 
Business Manager - - - Kenneth G. Walsworth 
Dept. Conservation, Box 176 


Meetings: Monthly, November through May, at 
Michigan State College, East Lansing, Michigan. 
Informal dinners at 6:30 P.M. Papers follow 
dinner. Visitors welcome. 


MISSISSIPPI 


NEW YORK 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
BOX 2253, WEST JACKSON, riggs 


President - T. Monsour 
Consultant, “Box 2571, West a 
Vice-President - Charles E. Buck 
Skelly Oil Company, 100 East Peal Building 
Treasurer - - W. H. Knight 
Union Producing Company 
Secretary - - F. T. Holden 


Carter “Oil Company, Box 1490 
Meetings: First and third Thursdays of each 
month, from October to May, inclusive, at 7:30 
P.M., ‘the Edwards Hotel, ackson, Mississippi. 
Visiting geologists welcome to all meetings. 


EASTERN SECTION 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
NEW YORK, NEW YORK 
President - - - Hollis D. Hedberg 

Gulf oil Corp., 7 — 


Vice-President - - as A. Greig 
Standard Oil Co., (N. 30 Plaza 
Treasurer - + - + Marshall Kay 
Department of Geology, Columbie University 
Secretary - Godfrey Kaufmann 
Standard- Vacuum Oi ‘Oil 26 Broadway, 


Meetings by announcement to members. Visiting 
geologists and friends cordially invited. 


OKLA 


HOMA 


ARDMORE 
GEOLOGICAL SOCIETY 


ARDMORE, OKLAHOMA 


President - - I. Curtis Hicks 
Phillips Petroleum Company 


Vice-President - - - _+ Earl Westmoreland 
Seaboard Oil Company 
Secretary-Treasurer - - - - Frank Millard 


Schlumberger Well Surveying Corp., Box 747 


Dinner meetings will be held at 7:00 P.M. on the 
first Wednesday of every month from October to 
May, inclusive, at the Ardmore Hotel. 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


President - - + + + + + «+ «+ Rizer Everett 
Carter Oil Company 

Vice-President - - + Richard L. Roberts 
Vickers Petroleum pee: 

Secretary - - L. W. Curtis 

Sohio Petroleum 

Treasurer - - + - + Joseph M. Sears 

Independent 


Meetings: Technical program each month, subject 
to a by Program Committee, Oklahoma ity 
University, 24th Street and Blackwelder. Lunch- 
eons: Every second and _ fourth — of each 
month, at 12:00 noon, CA 


= 


Bulletin of The American Association of Petroleum Geologists, November, 1949 


OKLAHOMA 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 
President - - - - = + +* + Doyle M. Burke 
The Texas Company, Box 1007 
Vice-President - - - - + + + Jack W. Davies 
Halliburton Oil Well Cementing Company 
Secretary-Treasurer - + + + Marcelle Mousley 
Atlantic Refining Company, Box 169 


Meets the third Thursday of each month at 8:00 
P.M., at the Aldridge Hotel. Visiting geologists 
welcome. 


TULSA GEOLOGICAL 
TULSA, OKLAHO 
President - - - H. Lukert 
The Texas Company, Box 2420 
1st Vice-President - - - + Daniel A. Busch 
Carter Oil Company, Box 801 
2d Vice- — - - + John M. Nash 
1 Oil Company, Box 1191 
Secretary- Fae - - Mary Whitehead 
Stanolind Oil and Gas ‘Company, Box 591 
Editor - - - - Oscar E. Wagner, Jr. 
Mid-Continent Petroleum 381 
Business Manager, Digest - - Frost 
Ohio Oil Company, Thompson Building 
Meetings: First and third Mondays, each month, 
from October to May, inclusive, at 8:00 P.M., 
University of Tulsa, Lorton Hall. Luncheons: 
Every Friday (October-May), Chamber of Com- 
merce Building. 


PENNSYLVANIA 


TEXAS 


PITTSBURGH GEOLOGICAL 
SOCIETY 
PITTSBURGH, PENNSYLVANIA 
President - - + Charles F, Bassett 
Gulf Oil Corporation, Box sg 
Vice-President - . E, Sherrill 
University of 
Secretary - - - C. E. Prouty 
University of Pittsburgh 
Treasurer - - - + Sidney S. Galpin 
Peoples Natural Gas Company 
545 William Penn Place 


Meetings held each month, except during the 
summer. All meetings and other activities by 
special announcement. 


ABILENE GEOLOGICAL SOCIETY 
ABILENE, TEXAS 


Pan American Production Company 


Vice-President - David M. Grubbs 
Drilling and Exploration Company 
Secretary-Treasurer + + + C. Noland 
Skelly Oil Company 


Meetings: 2d Thursday of each month, 7:30 P.M., 
Wooten Hotel. 


TEXAS 


CORPUS CHRISTI GEOLOGICAL 
SOCIETY 


CORPUS CHRISTI, TEXAS 


President - - James D. Burke 
Seaboard Oil Company ‘of ‘Delaware, Box 601 


Vice-President - W. H. Wallace, Jr. 
La Gloria Corporation, “Driscoll Building 


Secretary-Treasurer - - Volk, Jr. 
Tide Water Associated Oil Company 
Driscoll Building 


Regular luncheons, every Thursday, Terrace Annex 
Room, Robert Driscoll otel, 12:00. Special night 
meetings by announcement. 


DALLAS GEOLOGICAL SOCIETY 
DALLAS, TEXAS 
President - - + John T. Rouse 
Magnolia Petroleum ¢ Company 
Vice-President - - H. V. Tygrett 
Atlantic Refining Company 
P.O. Box 2819 
Secretary-Treasurer + - Gilbert P. Moore 
nsulting, 501 Continental Building 
Executive Committee - - - + Edgar Kraus 
Atlantic “Company 


Meetings: Monthly luncheons and night meetings 
by announcement. 


EAST TEXAS GEOLOGICAL 


SOCIETY 
TYLER, TEXAS 
President - - G. C. Clark 
Stanolind Oil and and Gas Company 
ox 


Vice-President - - M. Trowbridge 
Consultant, 225 ‘Building 


Secretary-Treasurer- - - Rosella L. Bunch 
Shell Oil Company, Inc. -» Box 2037 


Luncheons: Each week, Monday noon, Blackstone 
ote 

Evening meetings and programs will be an- 
nounced. Visiting geologists and friends are 
welcome. 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 


President - - H. C. Vanderpool 
Texas Pacific Coal and "and Oil Company 


Vice-President - - - W. Baxter Boyd 
Continental Oil Company 
1710 Fair Building 


Secretary-Treasurer - = = Nichols 
Rowan Oil Compa: 

Commercial Standard” Building 
Meetings: Luncheon at —, Hotel Texas, first 
and third Mondays of each month. Visiting geol- 
— and friends are invited and welcome at 

meetings. 
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TEXAS 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


President - - Hershal C, Ferguson 
Consultant, 935 Mellie Esperson Building 
Vice-President - - - - + + R.R. Rieke 


Schlumberger Well Surveying Ccrporation 
Secretary- - - - James H. McGuirt 
Tide Water ” Associated Oil Company 
Treasurer - - - + Marjorie Fuqua 

Humble ‘Oil and Refining Company 


Regular meeting held the second and fourth Mon- 
days at noon (12 o’clock), Mezzanine floor, Texas 
State Hotel. For -~ particulars pertaining to the 
meetings write or call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


President - - foo eph W. McDonald 
Shell Oil “Company, nc., Box 2010 


Vice-President - - + + + Ralph H. McKinlay 
Panhandle Producing and Refining Company 
Box 1191 
Secretary-Treasurer - - - + Walter L. Ammon 
Stanolind Oil and a Company 
Box 1680 
Meetings: Luncheon 1st and 3d Thursdays of 
each month, 12:00 noon, Texas Room, Holt Hotel. 
gen meetings by special announcement. Visit- 
ing geologists and friends are cordially invited to 

meetings. 


PANHANDLE 
GEOLOGICAL SOCIETY 
AMARILLO, TEXAS 
President - - + - - G. E. Hatton 
Phillips Petroleum Company, Box 1761 
Vice-President - - - + + + Robert F. Herron 
Oil Development Company, 900 Polk St. 
Secretary-Treasurer- - - + Robert B. Totten 
Sun Oil Company, Box 46 


Meetings: Luncheon 1st and 3d Wednesdays of 
each month, 12:00 noon, Herring Hotel. Special 
night meetings by announcement. 


SOUTH TEXAS GEOLOGICAL 


SOCIETY 
SAN ANTONIO, TEXAS 
President - - - - + Paul B. Hinyard 


Shell Oil Company 
2000 Alamo Nationa Building 


Vice-President - - - + - + + J. Boyd Best 

Ohio Oil Company 

Secretary-Treasurer - - + Louis H. Haring, Jr. 
Stanolind Oil and Gas Company 


Meetings: One regular meeting each month in San 
Antonio. Luncheon every Monday noon at Milam 
Cafeteria, San Antonio. 


TEXAS 


UTAH 


WEST TEXAS GEOLOGICAL 
SOCIETY 
MIDLAND, TEXAS 
Box 1595 


President - - ow 
Honolulu “Oil Corporation, Box 1391 


Vice-President - - + + Ralph D. 
Continental Oil Cunpenge Box 4 


Secretary - - Jesse Rogers 
The “Texas Company, Box 1270 


Treasurer John V. Jr. 
Forest Oil Corporation, Box 1821 


Meetings will be announced. 


UTAH GEOLOGICAL SOCIETY 
SALT LAKE CITY, UTAH 
P.O. Box 1015 

President - - - - J. Stewart Williams 

Utah State Agricultural were Logan 
Vice-President - - Lee Christensen 

Utah Construction Company, oe Lake City 
Corresponding Secretary - - Reed F, Welch 
American Smelting and Refining Co., Salt Lake City 


Recording Secretary - - - + Max Erickson 
taveniy of Utah, Sal Lake City 


Treasurer - - W. Christiansen 
University of Utah, Salt Lake City 
Sponsors an annual field trip for which a guidebook 

is publishe 
Meetings by announcement. 


WEST VIRGINIA 


WYOMING 


APPALACHIAN GEOLOGICAL SOCIETY 
CHARLESTON, WEST VIRGINIA 
P.O. Box 2605 
President --- W. B. Maxwell 
United Fuel Gas Company, Box 1273 
Vice-President - aon ohn Galpin 
1901 Kanawha Valley Bail in, 
Associate Vice-President - - - P. McJunkin 
McJunkin Supply 


Secretary-Treasurer - Ziebold 


WwW. 
Spartan Gas Company, Box 76 
Editor - - - - -_- F. Seigal Workman, Jr. 
Acme Engineering Services, Box 923 
June, fu Second Monday, each month, except 
une, 
joone 


uly and August, at 6:30 P.M., Daniel 
lotel. 


WYOMING GEOLOGICAL 
ASSOCIATION 
CASPER, WYOMING 
P.O. Box 545 


President - - - - Jed > Maebius 
Gulf Oil Corporation, = 1971 
Ist Vice-President - - + - mett E. Schieck 
Morton Oil Company, — 1970 
2d Vice-President (Programs) - Donald E, Edstrom 
British-American Oil Producing are. Box 620 
Secretary - - J. B. Headley, Jr. 
Atlantic Refining Com aon 
Treasurer - - eorge L. Goodin 
Petroleum Information, Inc. 


Informal luncheon meetings every Friday, 12 noon, 
Townsend Hotel. Visiting geologists welcome. 
Special meetings by announcement. 
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"WORLD WIDE IN OPERATIONS 


SEISMIC 


“CONSULTING 
CONTRACTING 
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_ WORLD WIDE IN OPERATIONS 
ENGINEERING 


GRAVITY CONSULTING 
SURVEYS CONTRACTING 


j 
j 
2500 BOLSOVER ROAD + HOUSTON, TEXAS 
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EOPUHYSICAL ENG IVEERIN COMPA 
SAN ANTONIO, TEXAS 


| 
f 
every job we undertake. 
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FROST GEOPHYSICAL CORPORATION 


CONTRACTORS MANUFACTURERS CONSULTANTS 


AEROMAGNETIC SURVEYS — GRAVITY SURVEYS 
GRAVITY METERS for lease or sale 
GEOPHYSICAL INSTRUMENT DEVELOPMENT AND DESIGN 


GEOLOGIC INTERPRETATION OF THE RESULTS OF GRAVI- 
METRIC AND MAGNETIC SURVEYS 


Phone 7-3313 4410 So. Peoria 
P.O. Box 58 Tulsa, Oklahoma 


Having trouble interpreting your data? 
Perhaps it’s because your mixed records : 
say, “Pick the dip this way,” AA) 
where a simple record would say 
“Pick it this way” 
RELIABLE gets BOTH 
mixed and simple every shot. 


ine 
RELIABLE GEOPHYSICAL CO. 
Glenn M. McGuckin Perry R. Love 


Box 450 
Yoakum, Texas 


| 
| 
| | | 
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a And Wow... 


| BAROID SALES DIVISION, Department A-8 
P. O. Box 2558, Terminal Annex, Los Angeles 54, Calif. 
Send me detailed information on Tannex Red Mud 
| Conditioner. 


| Name 
| company _ TITLE 
| STREET 


BAROID SALES DIVISION 
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TAN NEX 
RED MUD 


CONDITIONER 
No. 


New 


Compound 


Baroid now offers a mud-thinner and conditioner 
in its most convenient form: a liquid already care- 
fully proportioned and ready to add to water, cold 
or hot @ Tannex Red Mud Conditioner eliminates the 
necessity for storing and handling large quantities 
of flake caustic and powdered quebracho. It does 
away with the hazardous, inaccurate, and time- 
consuming mixing of corrosive ingredients. 


Each gallon of Tannex Red Mud Conditioner con- 
tains the equivalent of four pounds of dry caustic 
soda and four pounds of dry Tannex. It comes in 
steel drums, 650 pounds net weight, ready to mount 
for instant use. The drums will stand any except 
freezing weather without spoilage of the product. 


Mail the coupon below for more information on this 
latest Baroid product. 


Lowers 
Reduces Weta Love. 
Contos Gel 


" 
Angeles ofice 


NATIONAL LEAD 


1 
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ACCURACY and 


These two features ie the North American Gravity 
Meter assure easier, faster, more successful gravity 
surveys. 

Because of its extreme stability and its sensitivity of 
-01 miligal you are able to obtain readings of greater 
accuracy than is usual for this type of surveys. 
Extremely compact and light-weight, the Meter is 
easily and readily transported anywhere. It is used 
extensively in diving bells for off-shore work .. . 
carried by helicopter, readings can he made without 
removing the Meter from the ’copter .. . one man 
ean conveniently carry it on his back . . . readings 
can be made from its mounting in sedan or jeep... 
it fits easily into a small boat or canoe. 

Those interested in more accurate gravity surveys 
with less transportation cost and difficulty are invited 
to write for details of the North American Gravity 
Meter. 
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GRAVITY METER 
EXPLORATION C0. 


geophysicists 
ESPERSON BLDG. HOUSTON, TEXAS 


| 
Since 1925, we have been 
Surveys in most of the petroleum 
provinces of the world . . 
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. when accurate data, compiled by experienced 
crews working with modern equipment, are correctly interpreted. Experienced 
General Crews, working with equipment specifically designed for deeper 
exploration, have been accurately determining and locating conditions favor- 
able to finding new oil for more than 14 years. Let General help you explore 
new areas and deeper horizons for tomorrow's oil reserves. 


GEOPHYSICAL COMPANY 
HOUSTON 


| 
THE PERCENTAGE FOR success ; 
IN YOUR FAVOR--° 
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The to find oil is 
WHERE NOBODY HAS LOOKED BEFORE 


in the proven trends throughout 
the oil-bearing sections of the world. 


In the search for oil in rough country, seismograph crews in the past have been restricted 
to shooting near road patterns ... or only as far off the road as trucks could penetrate the rough 
country. As a result, only road areas have been proven. Now, unsurveyed regions in proven areas 
offer the best prospects for new oil reserves. 

By adapting proved portable marine instruments to land operations, Marine Exploration is 
now able to shoot dip and strike lines oriented to local geology regardless of the pattern of 
road systems at a cost comparable to conventional seismograph surveys. That's how Marine 
Exploration can help you look for new oil reserves in unsurveyed sections of mountainous or swamp 
country . . . where nobody has looked before. 

We will appreciate your inquiries about the availability of Marine Exploration Crews for your 
new exploration programs. 


~EXPLORATION CO. 


! 3732 WESTHEIMER ROAD, HOUSTON 6, TEXAS 
FOREIGN AGENT: Jorge Besquin de V, Reforma Num. 1-656, Mexico D.F. 
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EPENDABLE 


SEISMOGRAPH 
AND GRAVITY 


REPUBLIC'S formula for dependable serv- 
ice and analysis on each project combines 

thoroughly experienced personnel with fine 
precision equipment, thoroughly main- 
tained. 


“REPUBLIC EXPLORATION COMPANY 


TULSA, OKLAHOMA MIDLAND, TEXAS 
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MARK OF 
OUTSTANDING SERVICE 
IN SEISMIC SCIENCE 
TO THOSE OF THE 
OIL INDUSTRY 
WHO DEMAND 


GEOPHYSICAL CORPORATION 
TULSA, OKLAHOMA 
EXPORT: 149 Broadway, New York 
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RECORDING GALVANOMETERS 


are engineered for 


ACCURACY — VERSATILITY — STABILITY 


The accuracy stability and versatility obtainable in CENTURY Galvanometers are 
the factors which insure maximum performance in photographically recorded measure- 
ments. They are available with sensitives as high as 4 microamperes per inch with 
natural frequencies from 30 cps to 5000 cps. These elements may be used with all 
types of measuring devices, with or without amplification and, in most instances, are 
immediately adaptable for use in any type or make of photographic recording 
oscillographs. The small, compact size of these galvanometers permits use of more 
channels where space requirements are limited, without sacrificing efficiency. The use 
of the plug-in-type mounting system allows instant changing or interchanging of 
elements for multi-purpose recording without changing wired connections. 


CENTURY Ga!vanometers are so constructed that they will withstand shocks up to 
300 g's, even in the lower frequency units. 

Other desirable features of CENTURY Galvanometers inc!ude: 

LINEARITY: +2% for +25° rotation of image at 15%” optical distance. 

ZERO DRIFT: +.0004”/°F. at 1542”. 


SPOT 

ADJUSTMENT: Horizontal spot adjustment is made by rotating the entire 
Galvanometer within the assembly thus no torsional starin is 
placed on the suspension. Therefore, damage to the suspension 
is impossible during spot adjustment. 


POLE PIECES: Flush with tubular case which rotate with the coil when horizontal 
spot adjustment is made, thus maintaining the flux path across the 
coil at the correct angle. 


~ SIZE: 2.9375 x .230 Dia. for 250 (G-14) Series, and 3.375 x .127 Dia. 
for 200 Series. 


Manufactured under Century Patent 2439576, also licensed by Kannestine Laboratories Patent 
2149442 


CENTURY GEOPHYSICAL CORP. 


TULSA, OKLAHOMA 
EXPORT: 149 Broadway, New York 
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Here y’are gents... 
a complete picture of your 


» Know thickness and character of all Formations 


bw where you'll find fluid 


J PERMANENT 
>) IMMOVABLE 
BENCH MARK 


et your accurate “road map” now! 
Don't get lost in your own well! 


LANE®) 


Radioactivity 


RADIOACTIVITY) 
| 
ENS L LOGGI 
WELL LO. 
Know exact depths of all points 
| 
& yy Know where porous zones are 
Know just where everythin 
/ is in relation to casing collars 
Well Loggin 
gging 
LOS ANGELE OMA CI ST. LOS ANGELES 11, CALIFORI 
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TRIANGLE BLUE PRINT & SUPPLY CO. 
Representing 
Keuffel & Esser Co., W. & L. E. Gurley Co. 
American Optical Co., Bausch & Lomb Co. 
Instruments repaired 


12 W. 4th St., Tulsa 


Tectonic Map of the United States. Third printing. Originally published, 1944. Prepared 
under the direction of the Committee on Tectonics, Division of Geology and Geography, 
National Research Council. Scale, 1 inch = 40 miles. Printed in 7 colors on 2 sheets, each 
40 x 50 inches. Folded, $1.75. Rolled in tube, $2.00. 


The American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


TEXAS SEISMOGRAPH COMPANY 
R. L. McLaren R. A. Crain 


PANHANDLE BUILDING WICHITA FALLS, TEXAS 


MINERAL RESOURCES OF CHINA 


By V. C. Juan 
June-July, 1946 Issue, Part II, Economic Geology 
75 cents per copy In lots of 10—$6.00 


The Economic Geology Publishing Company 
100 Natural Resources Building, Urbana, Illinois 


COMPREHENSIVE INDEX 


OF THE PUBLICATIONS OF THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS, 1917-1945 


By DAISY WINIFRED HEATH 
603 PAGES. PRICE $4.00 (TO MEMBERS, $3.00) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa 1, Oklahoma 
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FROM (AIRPORT CONSTRUCTION 


TO (ZEOLITE MINING 


ALTIMETERS 
PROVIDE QUICK, 
ACCURATE 
VERTICAL CONTROL 


No matter what the job—aerial surveying, topographic map- 

pm g, gravity meter survey, profile studies or reconnaissance — 

&T Sensitive Altimeters get vertical control data quicker than 

any other method. That means fewer field parties and less time 

on the job, both of which spell big savings in these days of rising 

costs. Use the Two Base Method of Precise Altimetry for maxi- 
mum accuracy. 


W&T Altimeters are available in several types and ranges 
either singly or in matched sets. Write for technical literature 
today—there’s no obligation. 


Ranges . . . . any interval of 2000, 7000 or 16000 feet. 
Scale Length . . 30 inches. 
Dial Size . . . 6 inches and 8% inches. 
Calibration. . . custom calibrated in accordance 
with SMT-51. 
Sensitivity . . . 1 part in 8000. 
Case . . . . . Hardwood or metal with shock- 


proofing for mechanism. 
Sensitive 
Altimeter 


A-74 Type FA-112 


PRODUCTS, “Cc... 
AL MECHANISMS AND PRECISION INSTRUMENT 


Belleville 9, New Jersey * Represented in Principal Cities 


fan 
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O 4 
: 
; 
| 


XXXVi Bulletin of The American Association of Petroleum Geologists, November, 1949 


HOW TO RECOVER 
GEOLOGICAL DATA 
FROM HARD AND SOFT FORMATIONS 


The A-1 Rotary-Type Side Wall Core 
Barrel is the result of intensive en- 
gineering research in response to the de- 
mand for a coring method that could be 
effectively used in conjunction with elec- 
trical well logging. It is designed to se- 
cure the advantages of drilling the well, 
running the electrical log, then coring. 


This side wall core barrel is designed 
to cut cores in hard as well as soft forma- 
tions. It operates similarly to regular wire 
line barrels except that the cores are cut 
at an angle of approximately twenty de- 
grees with the well bore. It is fed into the 
wall of the well bore by means of pump 
pressure. Rotation is transmitted to the 
core cutter head by the drill pipe result- 
ing in true cores that are not mashed, 
distorted, or contaminated. Such cores are 
ideal for laboratory examination and eval- 
uation. They are 124” O.D. and have suffi- 
cient volume to allow complete analysis 
for permeability—vertical and horizontal 
—porosity, oil and water content, chloride 
content, and grain size. 


This tool is operated by and with reg- 
ular rotary drilling equipment plus an 
auxiliary sand line hoist. Cores are cut 
with mud circulating as in regular drill- 
ing. Cores are cut quickly and are com- 
pletely enclosed in an inner barrel. Since 
cores are cut after the well is drilled and 
after running the electrical log, non-es- 
sential zones or sections are not cored. 
This results in reduced coring costs and 


_ less coring time. 


The side wall core barrel will operate 
in any size hole from 8%” diameter 
through 15”, The minimum LD. of drill 
pipe the barrel will run through is 2 13/16”. 
We recommend a minimum of 434” drill 
pipe with 4%4” A.P.I, Full Hole or larger 
I.D. Tool Joints. Write for additional in- 
formation. 


HERE'S POSITIVE PROOF OF THE ACCEPTANCE 
OF THE A-1 SIDE WALL CORE BARREL. FROM 
DECEMBER 17, 1945 TO SEPT. 30, 1949: 


7,475 Cores for 
178 Companies on 
716 Wells in 


73 Different Formations at Depths from 
1352’ to 16,127.’ 

PLEASE WRITE FOR OUR BROCHURE ON SIDE 
WALL CORING. 


INCORPORATED 


GENERAL OFFICE 
2000 HUSSION ST. HOUSTON, TEXAS 
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YOU HOLD, WHEN YOU USE 


GEOLOGRAPH 


Geolograph logs foot by foot . .. 24 hours a day .. . shows 
formation changes, drilling depth and down time, at all times! 
This sub-surface control while drilling results in a higher 
percentage of successful drill stem tests; fewer and more 
accurately placed cores; accurate determination of sample 


tops, and elimination of many depth corrections! 


ODESSA and WICHITA FALLS, TEX. - BAKERSFIELD, CALIF. 
SHREVEPORT, LA. - BATON ROUGE, LA. - CASPER, WYOMING 
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GEOPHYSICAL 


ASSOCIATES 


E. JOE SHIMEK 


Box 6005 


HOUSTON, TEXAS 


HART BROWN 


JU 5505 
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Within overnight shipping distance 

of the majority of exploration activity, Harri- 

son's three supply points provide service when you 

need it for both geophysical field crews and laboratories. Orders 

are shipped from the Harrison store nearest your location to give you maximum 
benefit of savings in freight rates. When you need geophysical supplies . . 

for laboratory or field crews . . . call Harrison first! Our three locations are com- 

pletely stocked to meet your needs when you need it. 


A complete line of geophysical and electronic supplies 


arri 


MAIN OFFICES: 1422 SAN JACINTO, HOUSTON 
BRANCHES: 6234 PEELER ST., DALLAS @ 1124 E. 4TH ST., TULSA 
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SEISMIC 


GRAVITY 


SURVEYS On 
LAND AND SEA 


FOREIGN AND DOMES 


complete geophysical service 
econnaissance and detail surveys 
lelineating oil structures with the 
most modern equipment and highly 
trained personnel a must 
endable- ‘interpretat on 


2626 WESTHEIMER Phone KEystone 5511 
IN CANADA: Calgary, Alberta, Canada 836-22nd Ave. North West 
PHONE H-3241 
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hree sizes for shallow, medium, and deepest wells 


and lever assures simple operation 
perates perfectly at maximum flow or idling 


ore profits - low cost to buy - no cost to operate 


rovides accurate foot by foot cuttings 


ample machine Provides Accurate Samples 


nly clean mud goes back into machines 


o abrasives to wear out equipment 


CLOSE-UP VIEW OF 


WEW ELECTRIC The screen by 

le, sion power wheel which is turne y the 
MUD-SPRAY PUMP mud flow discharge from the pumps. Built- 
in water-spray screen cleaning system may 
be supplemented by Electric Mud-Spray 
Screen Cleaning Attachment shown on mod- 
el at immediate left and close-up at far left. 
The Eiectric Attachment is available sep- 
arately for conversion of your Thompson 


ATTACHMENT 


machine. 


PARK, TEXAS 


THOMPSON TOOL CO. 


P.O. BOX 357 PHONE 3521 
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Graduations: 


ONE FOOT 


Range: 


6000 FEET 


MODEL M1 


Teo 


s 


e Another FIRST by the makers of the established 
world standard in accuracy and dependability .. . 
*s the new Surveying MICRO Altimeter for all field 
e and mine ventilation surveys . . . Constructed for 
™ lifetime service of finest materials to highest 
standards . . . exclusive friction-free, zero-gauging 
principle. Equipped with rugged leather carrying. 
case, magnifier, thermometer and operational 
procedures. 
Model M 1 illustrated . . . other models 


available . . . see your dealer or write direct. 


AMERICAN PAULIN SYSTEM — 


1847 S. Flower Street, Los Angeles 15, California 
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say more? 


FRANKLIN D. COOPER 
321 Lansdowne Road 
DE WITT, NEw YORK 


Telephone 


Consulting Engineer August 9, 1949 Syracuse 72-3190 


American Paulin System 
1847 South Flower Street 
Los Angeles, California 


Gentlemen: 


On July 9, 1949, I made an altimeter survey of the 
Susquehanna River and Owego Creek at Owego, N, Y. This pre- 
liminary Survey was made in connection with the Owego, N, ys 
Flood Control Project, 


The Village or Owego had run a@ line of levels 
S€veral mileg along the low water line of the Susquehanna River, 
In spite of unfavorable weather, your latest model Micro 
Surveying altimeter checked the levels run by the Village of 
Owego within a foot, 


I am convinced that your latest Micro altimeter is 
equivalent in Precision to the finest theodolite, 


In connection with the above altimeter Survey, I was 
only able to get readings from the local weather bureau office 
to the nearest 5 ft. I woula therefore like to purchase a 
second Micro altimeter to be read every 10 minutes, 


You may be sure that I am telling all of MY associates 
of the Performance of your fine instrument, 


The workmanship on your instrument is aes fine as I 
have seen on any instrument anywhere, 


I was amazed at the performance of your instrument; 
and you may be Sure that wherever I use it, I will recommend 
it wholeheartedly, 


Very truly yours, 


Ih) 


Franklin D, Cooper, P, E. 
SURVEYING ALTIMETERS 


AMERICAN PAULIN SYSTEM 


1847 SOUTH FLOWER STREET LOS ANGELES 15, CALIFORNIA 
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Patented design sea/s off upper 
surface of each prism with Neo- 
prene ring... Protects precision 
optics from dust and dirt... 
Assures maximum clarity and 
accuracy, life-long service. 


WIDER FIELDS! 


Critical focus on larger area than 
ever before... Advanced design 
optical system insures true stere- 
opsis .. . Finest optics ever pro- 
duced for wide field work. 


Higher eyepoint e¢ Dustproof 
nosepiece ¢ Sturdier mechanical 
construction ¢ and many other 
advantages you'll want. 


today for complete information and demonstration. Bausch 
& Lomb Optical Co., 610-K St. St., 2, N. Y. 


Bausch & Lomb Ve Wide Field Microscopes 
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FACTS about 


formations 
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If you are drilling with cable tools, and 
want facts about the Porosity, Permeability, 
Saturation, Grain Size or Composition of a wide 
range of formations—your best bet always is the 
BAKER CABLE TOOL CORE BARREL 
Product No. 520 
Gives you accurate, uncontaminated samples of 
the formation. Breaks and fracturing of sands can 
be determined easily. Positive proof is readily se- 
cured as to whether a sand is oil-bearing, water- 
bearing or dry. The geologist is enabled to study 
the exact lithographic character of the forma- 
tion, and the approximate inclination can be de- 
termined. 


LOW-COST CORES EASILY TAKEN 
Any experienced cable tool driller can secure good 
cores without retarding drilling speed. The strong, 
simple design of the Baker Cable Tool Core Barrel 
insures long life, and the few wearing parts are 
inexpensive to buy, and easily replaced. 
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FASTER 


PORTABLE 
RIGS 


= 


No. 300 MOTORIZED 
DRILL RIG, illustrated 


WRITE FOR BULLETIN weno 


GALT, ONTARIO 
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Ruggedly built for Bee 
service: 
Drill Rigs for 
GENERAL OFFICES RY W. OLIVER BUILDING - PITTSRURGH 29 PA, 
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- EFFECTIVE EXPLORATION 


is MORE 


THAN ADEQUATE EQUIPMENT 


along with good equipment and trained crews to get 


accurate results i in seismic exploration, 


McCollum Expetion Compainy. has: a: recognized 
in this field since 1928 cae the years 
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World-Wide 
Photogeological Analysis 


For Oil Exploration 


GEOPHOTO offers a very rapid, low cost method 
of surface mapping for large area evaluation. te, 
Reconnaissance photogeological surveys permit 

you to determine what prospects merit more 

intensive geological or geophysical work, saving 

you the time and money that might be wasted on 

more costly exploration of less promising areas. 

Detailed photogeological evaluations supply you j 
with structural contour maps. They can be made 

in far less time and more economically than maps 

produced by field methods alone. 

GEOPHOTO SERVICES are now standard pro- 


cedure with many companies. 


For complete information write or wire to— 


The Ernest & Cranmer Building j 
Denver 2, Colorado Cable Address: Geophoto 


- 
‘on ‘i 
Ne 4 


Kodak Linagraph Paper Developer has 
been designed to give you the kind of clean, 
white background that makes it easy to 
follow traces. 

Kodak Linagraph Fixer is compounded 
with the idea that you’ll want to be able to 
refer to your records many, many years 
after they are made. 

Both work fast and allow you plenty of 
margin in maintaining processing tempera- 
tures under field conditions. Both are sup- 


plied by your Kodak dealer in rip-strip cans 
that can take lots of rough-and-tumble trans- 
portation before you dissolve the contents 
to make up five quarts of top-quality proc- 
essing solution. 


EASTMAN KODAK COMPANY 


Industrial Photographic Division 
Rochester 4, N. Y. 


o~ 
| 


Bulletin of The American Association of Petroleum Geologists, November, 1949 


OLD RELIABLE; TORSION BALANCE is BACK: 


After primarily discovering some 190 of the present best producing Oil and 
Sulphur Fields in the Gulf Coast, many of which were drilled in without con- 
firmation by any other geophysical instrument, Torsion Balance was warehoused 
in the late Thirties as being too slow. 

Recently the Chief Geologist of a Major Company said: “TORSION BAL- 
ANCE is NOT Out-Moded, it is Temporarily Out of FASHION, and I tell 
my Company that the sooner we get it back into FASHION the sooner we will 
quit drilling so many DRY Wildcats on what look like perfectly good geo- 
physical pictures. It would be ten to one cheaper to check these pictures with 
Torsion Balance than with DRY Holes. Torsion Balance can pin down and 
trace FAULTS and show the high and low sides and hade. Its accuracy is not 
impaired by silt, sand, gravel, or river alluvium. It is unequaled for outlining 
caprock and salt.” 

Work is supervised by an original German BAMBERG Torsion Balance 
scientist, who became an American Citizen in 1926, and is credited with the 
discovery of several Fields in the States and abroad. For information, please 
phone or write: TEXLA TORSION BALANCE COMPANY, 1740 Com- 
merce Bidg., Houston, Texas, James P. Williams, General Manager. 


Now Ready! 


PROBLEMS OF 
PETROLEUM GEOLOGY 


A Sequel to Structure of Typical American Oil Fields 


Has been reprinted (1949) and a supply is now ready for dis- 
tribution. It is suggested that you order now. 

1,073 pp., 200 illus. Cloth. Price, postpaid: to members, $4.00; 
to non-members, $5.00. Usual discounts to educational institu- 


tions. 


The American Association of Petroleum Geologists 
Box 979 ... Tulsa 1, Oklahoma 
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| THE 
GEOTECHNICAL 
CORPORATION 


DALLAS 
TEXAS 
e 


SEARCHES 
THE 
EARTH 


SHOT HOLE AND 
CORE DRILLING 


GEOPHYSICAL 
SURVEYS 


THE GEOTECHNICAL CORPORATION 


GEOTECHNICAL CORPORATION 
OF DELAWARE 


GEOTECHNICAL SERVICE CORPORATION 
| GEOTECHNICAL EXPLORATION CORPORATION 
| THE GEOTECHNICAL CORPORATION (CANADA) LIMITED 
a GEOTECHNICAL FOREIGN CORPORATION 
GEOTECHNICAL DRILLING COMPANY 


3712 HAGGAR DRIVE CITY NATIONAL BANK BLDG. 
P. O. BOX 7166 ° ° PHONE D4-3947 P. O. BOX 239 % ° PHONE M3-7586 
DALLAS 9, TEXAS HOUSTON, TEXAS 


514 FULTON STREET 
P.O, BOX PHONE TROY 8444 


TROY, NEW YORK 


P.O. BOX 925 PLACE D'ARMES 
MONTREAL |, P. Q. CANADA 


AFFILIATED WITH 
AEROMAGNETIC SURVEYS, LTD., 1450 O'CONNOR DR., TORONTO, CANADA 


< 
Seat 
5 
3 
= 
| 
: 
| 
| 
| 


( «a4 
$s <a 
— 
O07 


liv 


Bulletin of The American Association of Petroleum Geologists, November, 1949 


py MONOCLINE MAC & GOSSAN GUS 
WHITTLE DOWN COSTS- 


UP MAPPING TIMEwi% 


A BRUNTON IS MAN'S BEST FRIEND when measuring 
attitude of rocks, grades, vertical angles, reconnaissance 
surveys ... and for shaving in the field! Not new, but 
basically essential, Ainsworth Bruntons in lifetime fin- 
ishes, never fail at the foresight hinge where wear takes its 
toll. Prompt repair and delivery of Bruntons. 


$36.00. Belt loop case, $4.20 extra 


HOW FLAT IS A FIELD? Geologists, like farmers, insist on a 
flat field, but in a different sense. When you insist on Mohave 
Hastings Triplets, you know you'll get a plano-flat field, 
free of aberrations, with maximum aperature. Mohave 
Triplets, in stainless steel frames, are specified by top 
research and field men, leading educators everywhere. 


$12.00 in U.S.A. 


THE MAXIMUM OF MINUTAE, within drafting limits, is yours with the drop- 
bow pen that’s tops. Whether it’s well locations, survey points, or underground 
stations, you know the Mohave “‘pile-driver” is ready to deliver superfine circles in 
ink or pencil. Made of finest surgical steels, hand sharpened. 

$8.00 for pen, $8.75 with pencil attachment. 


HOW IMPORTANT ARE YOUR NERVES? Consult your Central Nervous Sys- 
tem, then put Stratigraph to 
work! Save energy, solving 
space problems involving 
variables of Dip, Depth, { 
Distance and Thickness. A ‘ 
flick of your thumb will 
give space problem  solu- 
tions. great instrument 
for classroom discipline in 
practical space problems; a 
basic essential for profes- 
sional practice. 


$5.00, ready for work! 


BUY THEM NOW from your instrument or oil field supply dealer. 
If he’s out-of-stock, factory shipments from Dept. I2. 
IF IT’S MOHAVE, IT’S GUARANTEED! 


1661 HILLHURST AVE. LOS ANGELES 27, CALIF, U.S.A. 
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Seismic detectors 


Amplifiers—with A.V.C. or 
compander 


Oscillographs—timing devices. 
and galvanometers 


Portable equipment—6 or 12 
traces 


Truck mounted equipment—to 
24 traces 


Recording trucks 
Complete accessories 


e 
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UNDER A BUSH 


Our business, unlike most businesses, 
deals in confidential information. We 
cannot tell all. NATIONAL'S story is 
based on a steady, solid growth of de- 


pendable, satisfactory service . . . 325 
crew years of experience plus the most ‘ 


modern technique and equipment... GEOPHYSICAL 


the ability to go anywhere under any 
condition. If you're looking for QUAL- c me 
ITY and ECONOMY—call NATIONAL! AS, 


Offices Now Open in Calgary, Alberta 


A SOLID FOUNDATION FOR DRILLING AN OIL WELL 


| | \! / \ \\ \ AN 
: 


ar Customers 


G.S.]. was INCREASED PRODUCTION 
WITH IMPROVED QUALITY BY... 


@ Selection of the Right Equipment for the Job— 


Portable Drill Portable System 


Field Office Technique Development Field Supervision 


@ Operated by Competent Production Conscious Personnel . . . Supervisors— 
average 15 years experience, all college trained . .. Party Chiefs—average 8 years experience, 93% college 
trained ... Field Office Employees—average 2 years experience, 93% college trained... All other field 
employees—average 4 years experience, 33% college trained. 


In an Efficient Manner .. . An expanded field engineering department recommends efficient 
operating and maintenance techniques on all equipment, vehicles, and procedures. 


Producing Quality Records Which Are Interpreted by Advanced Tech- 


niques . « » Skilled seismologists and mathematicians continually seek better interpretation techniques. 


The Entire Operation Checked Carefully by an Adequate Field Super- 
vising Force... A current ratio of 2:1 is maintained between over-all field supervisors and 
number of field crews. 


Bulletin of The American Association of Petroleum Geologists, November, 1949 


HUGHES TYPE ‘J’ CORE BITS 


FOR MAXIMUM, UNCONTAMINATED CORES 


The design of the Type “J” Core Bit 
marks an achievement of engineering 
balance in core bit construction. The 
Hughes “J” Core Bit provides large 
diameter cores of greater recovery plus 
ample clearance in hole to minimize the 


danger of sticking. 


the 


Hughes Type “J” hard formation cutter 
heads feature rugged Unit Construction 
and Hughesite hardfaced cutter teeth, 
insure clean cut cores and full-gage 
hole, another Hughes “Engineered Solu- 
tion” for maximum recovery of uncon- 
taminated cores through any formation. 


TOOL COMPANY 
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